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THE ANALYSIS OF CRYSTAL 
STRUCTURE BY X-RAYS' 


In this address I propose to consider the new meth- 
ods of analyzing the structure of materials by means 
of X-rays, considering especially the stages by which 
they move towards their objective. It is convenient to 
recognize three such stages, of which the first com- 
prises the simplest and most direct measurements and 
the last the most indirect and complex. 

The fundamental measurement of the method is the 

angle at which rays of a given wave-length are re- 
flected by a set of planes within the crystal. The 
planes of a “set” are all exactly like one another: an 
imaginary observer within the crystal could not tell 
by any change in his surroundings that he had been 
moved from one plane to another. Sometimes there 
is no reflection of the first order from a set so defined, 
because the planes may be interleaved by other planes 
so spaced and of such strength as to annul the true 
reflection; but this can always be allowed for. -When 
the wave-length of the X-rays is known, the angular 
measurement can be used to find the spacing of the 
set of planes, and in this way a linear dimension of 
the crystal is measured. The spacing is the distance 
between any plane and its nearest like neighbor on 
either side. If the spacings of three different sets of 
planes are found, the volume of the unit cell is found. 
The erystal unit cell is bounded by six faces, each set 
of planes furnishing a pair. The pair consists of two 
neighboring planes of the set. The cell may have a 
great variety of forms, but has always the same vol- 
ume. The specific gravity of the substance being 
known, it is possible to find the number of atoms of 
various kinds which the cell contains; the proportion 
of the various kinds is necessarily the same as in the 
molecule of the substance. The cell is in practice 
found always to contain a small integral number of 
molecules, one, two, three or four, rarely more. This 
assemblage of molecules is fully representative of the 
erystal; by the mere repetition of the cell, without 
the addition of any new features, the erystal with all 
its properties is produced. 

There are, therefore, three types of assemblage. 
The simplest is that of the single atom, as in helium 
in the gaseous state, in which the behavior of every 
atom is on the whole the same as the behavior of any 
other. The next is that of the molecule, the smallest 
portion of a liquid or gas which has all the properties 


' 1 Address of the president of Section A—Mathemati- 
eal and Physical Science of the British Association for 
the Advancement of Science, Toronto, August 11, 1924. 
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of the whole, and lastly, the crystal unit, the smallest 
portion of a crystal (really the simplest form of a 
solid substance) which has all the properties of the 
crystal. There are atoms of silicon and of oxygen; 
there is a molecule of silicon dioxide, and a crystal 


unit of quartz containing three molecules of silicon’ 


dioxide. The separate atoms of silicon and oxygen 
are not silicon dioxide, of course; in the same way the 
molecule of silicon dioxide is not quartz; the crystal 
unit consisting of three molecules arranged in a par- 
ticular way is quartz. 

The final aim of the X-ray analysis of crystals is to 
determine the arrangement of the atoms and the mole- 
cules in the crystal unit, and to account for the prop- 
erties of the crystal in terms of that arrangement. 

The first step is the determination of the dimen- 
sions of the crystal unit cell: any one of the possible 
ways in which the cell can be drawn will do. When 
this has been completed it is a simple calculation in 
geometry to find the distance between any atom and 
any other atom in the crystal of like kind and condi- 
tion, or, in other words, the distance an observer 
would have to travel from any point within the crys- 
tal to any other point from which the outlook would 
be exactly the same and would be similarly oriented. 
This is the only measurement which the X-rays make 
directly; any other measurement of distance is made 
indirectly, by aid of some additional physical or chem- 
ical reasoning. It is not possible by direct X-ray 
measurement to determine the distance between any 
two points—atom centers, for example—within the 
same cell. 

Let us take an example. The crystal unit of naph- 
thalene has the dimensions defined in the usual way 
by the statement: 


a=834A b=605A c=8.69A4 

B=122° 49% a>=y=90°. 
It contains two molecules: an integral number, as al- 
ways. These facts are given directly by the X-ray 
measurements. But there is no direct determination 
of the distance between any carbon atom and any 
other carbon atom contained within the same cell; 
the measurements given are those of the distances be- 
tween any atom and the nearest neighbors, in three 
principal directions, which are exactly like itself, 
these distances being the lengths of the edge of the 
cell. There is not even a measurement of the distance 
between the two molecules in the same cell, because 
they are not similarly oriented. In fact, there is no 
clear meaning in the term “distance” in this case, just 
as we can not state the distance between an object and 
its image in a mirror, unless the object is a point of 
no dimensions. If the molecule of naphthalene has a 
center of symmetry, as is indeed indicated during the 
development of the results of the X-ray analysis, it 
is possible to state the distance between the centers of 
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symmetry of the two molecules in the same ¢¢l], bat 
this does not define the distance between any atop, ' ny 0 
one of the two molecules and any atom in the oth, ir pla 
All such distances, if they are to be defined and mm, ptoms 
sured, can only be found by the aid of fresh ep, jae? 
siderations. pne ch 

Or again, let us take the case of rock-salt, 1, not th 
erystal unit cell of rock-salt contains one molec. 
one form of the cell has for its eight corners the st 
middle points of the faces of a certain cube (ely 
= 5.62 A.U.) and two of the opposite ends of any ee 
molec 


diagonal of the cube. The so-called face-center 


cube is four times as large as the cell and contain, jam’ © 


four molecules. The dimensions of the cell are deter. Mame!" 
mined directly by the X-rays, which measure the dis. Iae”° pl 
tance between each of the three pairs of paralld tance 
faces that contain it. The cell may be placed so thy Pas 
e 


each corner of it is associated in the same way with 
a molecule of sodium, let us say: and, of course, tl 
knowledge of the dimensions of the cell is equivalent 
to a knowledge of the distance between any tw | 


rystal 
the ca 
eight | 


sodium atoms in the erystal, which atoms are al jm ° 
alike in every respect. But we have no direc gmmee%2°" 
measurement by the X-ray methods of the distance £& 


between a sodium and a chlorine atom. We infer 
that the chlorine atom lies at the center of the 
sodium cell, or vice versa, from considerations of 
symmetry. Crystallographic observations of the ex. 


and t! 
itself. 
in the 


terior form of the cell assign to the erystal the full. inferr 
est symmetry that a erystal can possess. If the cl Je” do 
that has been described is to contain the element jm!” 
of such full symmetry, the chlorine atom must lic fm 
at the center of it. It can not lie anywhere else, the te 
for every cell would contain a chlorine atom similarly bon ¢ 
placed. There would then be unique directions in becau 
the crystal; that is to say, polarities. Moreover, both rigor 
the sodium and the chlorine atoms must themselva Mm’ ° 
contain every symmetry of the highest class: the —— 
full tale of planes of symmetry, axes of rotation, ani HB" “ 
so on. They both have centers, and we can state” 
the distance between a chlorine atom and a sodium ot ” 
atom because we can state it as between center ani jm * 
center, and put it equal to half the distance between RO” 
two sodium atoms on either side of the chlorine. The : th 
structure of sodium chloride is then determined com- when 
pletely. car 

It may possibly be a difficulty that the cell «8 
described does not at first appear to have all the sitio 
symmetries of the rock-salt cube, but it is to be AV. 
remembered that we are to expect the full display MF ,,.,, 
of symmetries only when the cell has been repeated exce} 


indefinitely in all directions. We may take a simple Or 


ease, as in Fig. 1. culat 
Suppose sodium and chlorine atoms were to b¢ i mea: 
arranged in a line as in the figure, just as they are in J ‘ete 
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ell, bu ny of the three principal directions in the erystal. 
atom jy pe of symmetry perpendicular to the line of 
© other joms indefinitely prolonged may be drawn through 
1d me ne center of any atom. The unit cell is one molecule: 

























he me chlorine and one sodium. The unit by itself has 
The this symmetry, but the repetition of the same 
lecule, 

the giy 

(edge Fic. 1 

of any 


nolecule in either direction on either side provides 
he symmetry. Moreover, each sodium and each 
hlorine must itself have a plane of symmetry, and 
he planes are equally spaced. We can state the dis- 
tance between a sodium and a chlorine atom as half 
the distance between two sodiums. 
Let us take one more instance, the diamond. The 
crystal unit cell contains two atoms of carbon: as in 
the case of rock-salt, it may be so chosen that, of its 
eight corners, six are the middle point of the faces 
of a certain cube and two are the ends of any 
diagonal of the eube. The sides of this cell are 
determined by the X-rays, and are all equal to 2.52 
A.U. This is the distance between any carbon atom 
and the nearest carbon atom which is exactly like 
itself. The distance between the two carbon atoms 
in the same cell is not measured directly, but can be 
inferred after it has been defined. This we are able 
to do because the carbon atom is tetrahedral; a tetra- 
hedron has a center, and we can state the distance 
st lie Ae octween the centers of two tetrahedra, no matter how 
alse, the tetrahedra are oriented. We know that the car- 
‘larly Ma ?On atom, as built into the crystal, is tetrahedral, 
ns in Mam because the X-ray observations show that the four 
both ME Tigonal axes meet in it. The two atoms in the cell 
elves Mate Oriented differently; one may be said to be the 
the ME mage of the other, if translation shifts are ignored, 
“and in each of the faces of the cube. Considerations of 
state Ma S)™metry or X-ray observations show that the center 
Jium 4° 20 atom of the one orientation lies at the center 
and Me. & tetrahedron formed by four atoms of the other 
veen Mag "entation. The edge of this tetrahedron is the edge 
The Mae! the unit cell, and its length is 2.52 A.U. It may 
1om- fe ‘ten be calculated that the distance between the one 
atom and the others, its nearest neighbors, is 1.54 
| 0 MU. We may call this distance the diameter of the 
the carbon atom, but we must remember our original defi- 
nition of the meaning of the term. Thus the 2.52 
A.U. is the result of a direct unaided X-ray measure- 
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ment, but the 1.54 A.U. is not, and has no meaning 
, except after special definition. 
ipie Only such distances between atoms as can be cal- 


culated from the dimensions of the unit cell can be 
be measured directly and without qualification. The 
) in determination of these distances may be looked on 
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as the result of the first stage of the analysis by 
X-rays. 

We now come to a second stage. It is possible to 
make other statements of the relative positions of 
atoms and molecules which, though less complete and 
informative than those of distances, and their orien- 
tations, are necessary to the solution of the crystal 
structure problem. These also are deduced by means 
of the X-ray methods. 

It often occurs that the atoms or molecules in one 
cell can be divided into two portions which are the 
reflections of one another across some plane, or can 
be brought to be the reflection of each other by a 
shift parallel to the plane. In that case the orienta- 
tion of the plane and the amount of the shift can 
be stated definitely, the former by @nspection of the 
crystal or by X-ray observations, the latter by X-ray 
observations alone. So also it may happen that the 
atoms or molecules in the same cell may be divided 
into portions which can be made to coincide with 
each other by a rotation round some axis with or 
without a shift parallel to that axis. The direction 
of the axis can be found by inspection of the erystal 
or by X-ray observations; the amount of the shift 
can be found by X-ray observations alone. 

In these cases the distances that are found by the 
X-ray method are all that can be stated without 
special definition. It is not possible to state the 
distance between an object and its image in a mirror, 
if the object has any extension in space; but it is 
possible to state the magnitude of a shift. 

Measurements of this sort constitute a characteristic 
feature of the X-ray analysis, for which reason I 
would like to diseuss them briefly. 

We know that it is possible to separate crystals 
into thirty-two classes, according to the kind of ex- 
ternal symmetry which they display. As we have 
hitherto been unable to look into the interior of 
the erystal, we have been obliged to be content with 
this imperfect classification by outer appearance. It 
has been shown, however, that there is a classification 
by inner arrangement which is perfect and includes 
the other. It is beyond the limits of ordinary vision: 
out of the range of the lens and the goniometer. 
The interior arrangements of the erystal, of which 
the outer form is one consequence, are so varied as 
to furnish 230 different modes. With very few ex- 
eeptions the X-rays now allow us to carry the 
classification to this higher degree. If the modes are 
grouped according to the external features of the 
erystals that follow them, we come to the well-known 
thirty-two classes, there being several modes in every 
class. I may be permitted to illustrate this important 
point by examples, although it is familiar to those 
who have studied erystallography. Let us consider 
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first a two-dimensional example, which is much easier 
to describe than the three dimensional actuality, and 
contains all the essential ideas. 

Consider an arrangement of figures in a plane 
which displays symmetry across two planes at right 
angles to one another. Such arrangement may be ex- 
hibited diagrammatically, as in Fig. 2. The unit cell 
may be drawn in various ways, EFKJ, EFLK, RSUT, 
and so on. The cell contains, however it is drawn, 
either a whole diamond or enough parts to make up a 
whole diamond. Each diamond can be divided into 
four parts: B and D are the reflections of A and C 
across a plane; C and D are the reflection of A and 
B across a plane at right angles to the first plane. 
Unless the diamond, the content of one cell, could be 
divided in this way there could not be the double 
symmetry. But, granted this division into four por- 
tions, it is not necessary that the four should be ar- 
ranged as in the figure in order that the double sym- 
metry may be obtained. There are two alternatives 
(Figs. 3 and 4). 

In Fig. 3 the lower half of each diamond—that is 
to say, the portions C and D—are shifted, whether to 
right or to left is immaterial, by an amount equal 
to one half of one side of the cell EFKJ. The sym- 
metry about a vertical line in the plane of the paper 
is obviously retained. It is not so obvious that there 
is still any symmetry about the horizontal line until 
we realize that we mean only “observable symmetry”: 
that which is to be seen in the outer form of the in- 
definitely extended figure, corresponding to the crys- 
tal. Clearly, the whole figure will present the same 


appearance from below as from above. In fact, we 
ean see that as a whole the lower part of the figure 
is symmetrical with the upper part by imagining the 
upper and the lower to be further shifted relatively 
as in Fig. 3A: the two parts sliding on one another 
along the line SS. The two parts are then the image 
of each other across SS in the full sense of the word. 
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From Fig. 24 we may also realize that the amount 
of the original shift must be equal to one half of EP. 
no other shift will give the symmetry which Fig. 5, 
shows. In Figs. 5 and 5a a different shift has been 
given, and the failure is clear. 

In Fig. 4 not only are C and D shifted paralla , 
the horizontal line, but also B and D are shifted par. 
allel to the vertical; this time the amount of shift js 
one half of the side EJ. 

The three modes of Figs. 2, 3 and 4 all lead to the 
same external symmetry. There is one more which js 
based, as we should say, on a different lattice and jy 
symmetrical, like the others, about two lines at Tight 
angles to each other. It is shown in Fig. 6. Ther 
are no variations of Fig. 6, as of Fig. 2, to be ob. 
tained by the introduction of shifts. If in Fig. 6 we 
shift C and D relatively to A and B, as we did in Fig, 
3A, we find that they can now be described as the di. 
rect reflection of A’B’ into CD and of A’C into B’D, 
and the mode of Fig. 6a is the same as that of Fig 6, 
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Fas. 6. 

There are therefore four modes in one class: fou 
varieties of internal arrangement which all lead 1 
the same external appearance of symmetry. 

Our example is two-dimensional, and the crystil 
has three dimensions. But there are no new ideas t0 
be added: it is only the numbers of symmetries, modes 
and classes that are inereased. If, for example, ve 
continue the study of the modes of arrangement that 
lead to an external symmetry of reflection across tv? 
planes at right angles to each other, we find that there 
are four lattices instead of two, and twenty-tw0 
modes instead of four. The class containing ¢Tys 
tals that possesses this particular form of symmetry 
is generally called the “hemimorphiec class in the o™ 
thorhombie system.” Its symbol is C,,; the symbols 
of the four lattices are T, I,’ I,’ ,’’’. In ever 
ease the content of the unit cell is divisible into fou! 
parts, corresponding to the ABCD of Figs. 2 to 6 





Gus! 


he te! 
rhich 
» the 
ach Si 
aphic 
ifts : 
aralle 
0 YZ; 
qual t 
jon & 
hift p 
» half 
Let ° 
he mQ¢ 
pumbe 
puriac 
ngs i 
t that 
to the 
equal 
equal 
that | 
would 


FL. 





ing 1 
the s 
to tl 
was 
divic 
striy 
this 


trib 
and 
stra 
the 

spa 


















924 


he ten modes in the I’, lattice are shown in Fig. 7, 
nich will serve to show the numerical increase due 
, the introduction of the third dimension, Under 
ach separate figure is given, beside the erystallog- 
aphie symbol, another symbol which describes the 
hifts; D? means a direct reflection across a plane 
arallel to yz; E% a reflection across a plane parallel 
» yz, together with a shift parallel to the axis of y 
qual to half the y edge of the cell, and M? a reflec- 
ion across a plane parallel to yz, together with a 
hift parallel to the diagonal of the yz face and equal 
» half that diagonal. 

Let us now see how the X-ray analysis distinguishes 
he mode. Let us imagine that Fig. 2 represented a 
number of pits in a plane reflecting surface. The 
surface could be used as a grating having many spac- 
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i" io ngs instead of one. If, for example, we so placed 
* bd t that the horizontal lines of the figure were parallel 
ito be to the slit of the spectroscope the spacing would be 
rh t ual to EJ: if the vertical, the spacing would be 
** qual to EF. Again, if the grating were so placed 
hat EK, for example, were vertical, the spacing 
would be the perpendicular distance between EK and 
FL. If the surface is pitted as in Fig. 3, the spac- 
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* aes OS when the horizontal line is parallel to the slit is 


the same as before; but when the vertical is parallel 


, we ; “ay 
to the slit the effective spacing is only half what it 


~ was in Fig. 2. This follows from the fact that if we 
ie divided the surface into a number of vertical narrow 
a strips the diffracting effect of each such strip, for 
1" this position, depends on the total amount of reflect- 
try ing surface contained in the strip, but not on its dis- 


tribution along the slip. It does not matter. that C 
ite and D are upsidedown as compared to A and B. The 
ory | “Tata consisting of C and D portions have interleaved 
se the strata of A and B portions. This halving of a 
6, me ‘Pacing of Fig. 3 as compared with Fig. 2 occurs 
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only when the grating is placed so that the slit is par- 
allel to the vertical line of Fig. 3, and not when any 
other line is vertical, except by some odd chance con- 
nected with the shape of the pits. In this way it is 
possible to distinguish between Fig. 2 and Fig. 3. 
The mode shown in Fig. 4 is distinguished by the 
halvings of both the horizontal and vertical spacings, 
and of no others. In the case of Fig. 6, as compared 
with Fig. 1, the spacing is halved when the slit is 
parallel to the horizontal or the vertical line of the 
figure, and also whenever the grating is so placed that 
the parallel to the slit passing through one of the 
corners of a cell does not pass through the center of 
that or any other cell, as, for example, if EO but 
not EK is parallel to the slit. It is therefore easy to 
distinguish each of the four modes. 

Similar methods are applicable to the three-dimen- 
sional crystal. If, for example, we consider the case 
of C2, or D*E¥% we can show that, whereas in general 
the spacings of planes are such as are proper to a 
cell of the dimensions and form drawn in the figure, 
all planes of the form Iz/a+mz/e= an integer, 
show halved spacings, unless 1 is odd and m is even: 
which is sufficient identification of the mode of -ar- 
rangement. The symbols a and ¢ denote edges of 
the cell. 

If we follow this line of reasoning through all the 
thirty-two classes, we end, of course, with the dis- 
covery of 230 modes which are known to exist: and 
with the identification marks of each, with certain 
qualifications. These last are of two kinds. One of 
them is general in nature and is a consequence of 
the fact that the X-rays can measure only the dis- 
tance between two like points in neighboring cells, 
say A and B. But they do not indicate any differ- 


>>. 


ow 


Fu 8 


ence that may exist between AB and BA. If sucha 
difference exists it may be expected to show in the 
external characteristics of the cell, giving it polarity. 
A good example is to be found in zine blende. 
Layers of zine and of sulphur atoms alternate with 
one another as in Fig. 9, all of them being perpen- 
dicular to a trigonal axis of the erystal. The dis- 
tance between a zine atom in the layer A to a zine 
atom in the layer B is found without question by the 
X-ray method. Now we know from observation of 
the crystal that there is a difference between AB and 
BA: the crystal is polar. A crystal plate cut so 
that its faces are perpendicular to the axis shows 
different properties on its two sides: if heated, one 
face becomes positively and one negatively electrified. 
Whichever face we use in the X-ray spectrometer we 
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obtain the same value for the spacing, and we find 
ourselves unable to detect any difference between the 
two aspects by means of the spectrometer observa- 
tions. 

We may see this point in another way. Suppose 
that Fig. 9 represents a section of a crystal consisting 
of two kinds of atoms, indicated respectively by full 
and empty circles. The arrangement clearly has no 
symmetry about a vertical line in the plane of the 
paper. But if X-rays were incident from above, as 
shown, there would be equal reflections from the 
planes 11’ and 22’. If the incident rays were hetero- 
geneous and a photographie plate were placed to 
receive the Laue reflections in the usual way, there 
would be a symmetry distribution of spots on either 
side of A, although there is no symmetry in the 
crystal to correspond. 

It is only when we have taken other considerations 
into account and have determined the structure that 
we can establish the polarity of the crystal. We may 
take, for example, the fact that zine blende is eubiec, 
and therefore has four trigonal axes, a fact which 
we may discover from X-rays as well as from the 
external form. Also, the unit cell contains only one 
molecule of zine sulphide, and may be drawn of the 
same form as in diamond: that is to say, its eight 
corners can consist of the six centers of eube faces and 
the two ends of a diagonal. If we put zine atoms at 
the corners of the unit cell, the sulphur atom must lie 
either at the center of the unit cell or at the center 








of the regular tetrahedron formed by four of the 
corners of the cell: only by the adoption of one of 
these alternatives do we get the four trigonal axes. 
The former gives the rock-salt structure and is dis- 
tinguished by the fact that the (100) and (110) 
spectra decrease regularly in intensity from lower to— 
higher orders, whereas in the (111) spectrum the 
even orders. are relatively greater than the odd. In 
the latter alternative the even orders of (100) are 
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relatively greater than the odd, (110) spectr, , 
normal and the second order of the (111) is aby, 
mally small, It is easy to distinguish betweey 4 
two eases. The latter is adopted by zine ley 
Kach atom has the symmetry of Class 31, to whi 
the crystal belongs, there being only one atom of eg 
in the unit cell. 

In this ease we are successful from X-ray nq 
surements alone in determining the mode of arrang 
ment of the erystal, although the erystal is polar ayj 
the X-rays ean not detect polarity directly, y, 
have been able to determine the structure coinplete) 
and the polarity then appears. 

When the determination of structure can not ) 

carried far enough, the X-rays may fail to deci 
between the presence and absence of polarity. fy 
example, resorcinol is an orthorhombic hemihedy) 
crystal: this is known by its external form. Ty 
X-rays show that, this being so, its internal arrang. 
ment must be that of M’M” or C 8 in Fig. 7. If 
we had no help from the study of external form, ¢ 
from any other source, we should not be able to de 
cide between C}® and the more symmetrical mok 
known as Q}? : the symmetry of the latter is obtain 
by adding a center of symmetry to the elements of 
symmetry possessed by C}° : that is to say, by remor. 
ing the polarity of the crystal. As a matter of fa¢, 
the external form of resorcinol clearly shows }- 
larity: or, if we could be sure that the molecule hai 
no symmetry, we could infer that the erystal wx 
unsymmetrical about the zy plane, there being onl 
four molecules in the cell and all these being wantel 
to give the symmetry observed by X-rays. Thw 
there are cases where the X-rays can not decide le 
tween two modes, one of which can be derived from 
the other by the addition of a center of symmetry. 
As, however, the existence of a center of symmetry 
can generally be decided by other means—for ex 
ample, by such means as I have described above i 
the ease of zine blende or of resorcinol—this in- 
capacity of the X-ray method is of no great const- 
quence. 

The addition of a center of symmetry moves 4 
structure from one class to another—Class 1 to Clas 
2, Class 31 to Class 32. Consequently, the X-ray 
methods are by themselves sometimes in doubt be 
tween two modes in different classes when they at 
rarely in doubt as to the mode within a class. It wil 
readily be understood that the doubt as to class may 
be of far less importance than the doubt as to mode; 
though hitherto the former kind of difference }* 
been given all the attention because it has been tl 
only kind that could be observed. A very slight rela- 
tive movement of the atoms would be sufficient 
reduce the symmetry of the crystal from one class 
another: but the change from one mode to anothel 
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within the same class would mean a complete re- 
arrangement of the molecules. 

There are two eases in which the X-rays can not 
distinguish between two modes in the same class. 
These are Q® and Q® in the enantiomorphous class of 
the orthorhombie system, and T* and T® in the 
tetartohedral class of the cubic system. The ambi- 
guity disappears, however, if there are only two mole- 
cules in the unit cell, when the former alternative is 
alone permissible in each case: it would disappear 
also in any case in which the structure could be de- 
termined completely by any other means. 

It has been known for many years, thanks to the 
work of Fedorow, Schonflies and Barlow, that the 
930 modes of arrangement represent all the possible 
forms of internal crystal structure. In each mode of 
arrangement there is a relative disposition of planes, 
axes and center of symmetry, which is characteristic 
of the mode, and the mode may be described in terms 
of these symmetries. This was the language used in 
the original work on the subject, and the term space 
group was used, instead of the term mode of arrange- 
ment, in reference to the partiqular group of sym- 
metry planes, axes and center in space. When the 
subject is approached from the point of view of the 
X-ray worker, the language of the mode of arrange- 
ment has its special conveniences. A list of the 230 
modes and of the X-ray tests for each mode has re- 
cently been published in the Transactions of the 
Royal Society by Astbury and Yardley. Lists of the 
same 230 space groups have already been published 
in different terms by writers on crystallography: 
recently a list by Wyckoff has been published by the 
Carnegie Institution of Washington, in which each 
space group is expressed in terms of the coordinates 
of the arrangement of points required to give each 
space group its special characteristics. 

It may be of interest to look at these matters from 
a somewhat different point of view, which takes in 
the question of the permanence of the chemist’s 
molecule when built into the solid structure. 

In every erystal the unit can be divided into a cer- 
tain number of parts, each of which has no symmetry 
of its own, but may be made to coincide with any 
other part by some combination of reflections, rota- 
tions and shifts. The number is always either one, 
two, three, four, six, eight, twelve, twenty-four or 
forty-eight. The division into 230 modes of arrange- 
ment refers to the arrangements of these parts. In 
the case of a erystal of the rock-salt type both the 
positive and negative portions of the cell can be so 
divided. Very often the part in question is the 
chemical molecule. For example, the cell of the 
monoclinic prismatic class can be divided into four 
such parts. The X-ray measurements show that the 
unit cell of benzoie acid which belongs to this class 
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contains four molecules. Also they detect the exis- 
tence of the four parts, and determine the mode of 
their arrangement. It is natural to make the assump- 
tion that each part is a molecule. This, it may be 
noted, involves the existence of right- and left-handed 
molecules, as built into the erystal. 

Sometimes the division into parts involves the 
division of the molecule. The molecule then ecnsists 
of two or three or more parts, and therefore possesses 
a corresponding symmetry. For example, the naph- 
thalene molecule in the naphthalene erystal contains 
two parts, and has a center of symmetry. The mole- 
cule of FeS, in the erystal of iron pyrites consists of 
six parts, and has a center of symmetry and a tri- 
gonal axis. Each of the two atoms in the rock-salt 
cell, sodium and chlorine, has—that is to say, its re- 
lations to its neighbors have—forty-eight parts, and 
therefore the full symmetry of the crystal. 

Much more rarely a part consists of more than 
one chemical molecule. So far a few instances have 
been met with. The “part” in the erystal cell of 
sulphur certainly contains two, perhaps more, atoms. 
Miss Yardley finds that the “part” in the fumaric 
acid crystal contains three, perhaps six, of the mole- 
cules as ordinarily defined (COOH.CH:),. In the 
cell of a-naphthylamin at least three molecules go 
to a part. The part has no symmetry, so that the 
molecules that compose it differ from each other in 
some way. These are really examples of polymeriza- 
tion in the erystal. 

Is the grouping of the atoms in the molecule as 
displayed in chemical reactions maintained without 
change? When the first results of the new methods 
were published, with their determinations of diamond 
and rock-salt structure, there was some unnecessary 
alarm as to the apparent disappearance of the mole- 
eule. If there had been anything to suggest a com- 
plete disruption of all the alliances in the molecule, 
which had been so long and so suecessfully studied by 
the chemists, the alarm would have been justified. 
Atomie bonds would have been annoyingly variable 
and dependent on conditions, and we should have been 
put back to the starting point in the investigation of 
the solid. This condition of things appears, fortu- 
nately, to have no existence. The conclusions of 
chemistry are carried into the solid, with only such 
modifications as might reasonably be expected. Our 
new science is in full and close alliance with chem- 
ical science already established: it is in fact a con- 
stant and delightful experience to find some direct 
confirmation or illustration of an inference already 
drawn from other sources. So far as experience has 
to tell us, the chemical molecule generally takes its 
place as such in the crystal structure with little 
change. 

To sum up, we are now able to replace the rough 
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division into thirty-two by the finer division into 230. 
This is advancing a whole stage towards the final 
solution of the structure problem. We carry the 
analysis right up to the limits which can be foreseen 
by the mathematical investigation of the geometry 
of space. We require only a sufficient number of 
X-ray measurements: if these can be obtained, the 
crystal then—with certain additional information as 
to polarity—can be assigned to its particular mode 
or space group, with one or two exceptions as already 
noted. It may be that the structure of the erystal 
is so simple that having got so far the full solution 
is already in sight. In the vast majority of cases 
this is not so; we have only come to the end of the 
second stage of the work. 

The first stage was complete when we had found 
the dimensions of the crystal unit cell: the second 
is completed when we know which of the 230 pos- 
sible arrangements of molecules, or, in other words, 
space groups, the crystal structure follows. 

If the structure of the crystal is not yet obvious— 
and in the great majority of cases this is far from 
being the case—we enter on a third stage, in which 
the mode of procedure is less stereotyped and more 
difficult, perhaps all the more interesting. We have 
now to find, if we can, the arrangement of the atoms 
within the cell, to which task the knowledge already 
gained is an indispensable though, it may be, a quite 
insufficient contribution. 

As I have said already, the X-rays do not tell us 
directly the relative positions of the atoms within 
the unit cell. They have, however, much to tell us 
as to the relative intensities of the different orders 
of reflection by each plane, and these must depend 
on the atomic arrangements. It is to be admitted, 
however, that we are as yet unskilled in the interpre- 
tation of this evidence. We do not completely under- 
stand how varying conditions affect intensities of re- 
flection, though we have learned a great deal through 
the work of W. L. Bragg, Darwin, Compton and 
others. And, of course, when the cell contains many 
molecules, their positions being as yet unknown and 
their separate contributions to the intensities in any 
ease doubtful, the observations of intensity are very 
difficult to make use of, though they can be accur- 
ately measured. We can only avail ourselves of such 
bold indications as that a very strong reflection im- 
plies the location of many atom centers on or near 
the plane in question, particularly if there are higher 
orders: or we may find ourselves able to show that 
an especially strong second or third or other order 
implies the adoption of some particular alternative 
arrangement. A very interesting example of a gen- 
eral influence of form upon intensity is to be found 
in the reflections from the fatty acid layers which 
have been investigated by Muller and Shearer. The 


SCIENCE 


[Vou. LX, No, 1545 


first, third and other odd orders are much more jy, 
tense than the second, fourth and other even order, 
A simple explanation is found in the fact that they 
long chains face opposite ways alternately, and tha 
the number of seattering centers is distributed fairly 
evenly along their length. At the ends, however, the 
uniformity of distribution is interrupted; at one end, 
probably the carboxyl end, there is an excess pe 
unit length; at the other, the methyl end, a deficiency. 
Thus we may say that the effect on an odd order of 
the spectrum due to a single layer, the thickness of , 
layer being twice the length of a molecule, contaiy; 
a factor: 


A sin(@t—a)—B sin(@t—a— 2n-+ 1x) = (4 
+B) sin(@t—a), 
The factor for an even order is: 
(A —B) sin(#t—a). 


If at both ends there had been an excess of scatter. 
ing centers, we should have found the even orders 
stronger than the odd: the effect we find, for example, 
in the (111) planes of rock-salt. In the case of the 
simpler inorganic crystals like rock-salt, diamond and 
so on, intensity observations are conclusive as to the 
structure: in the case of iron pyrites or calcite they 
are very nearly so. But in the case of quartz, where 
the cell contains nine atoms, still more in the case of 
an organic compound, they do not carry us very far. 
We hope that greater experience will give us in the 
future the power of using them to better advantage. 

In what other direction then shall we look for addi- 
tional means of approaching more nearly to the final 
solution of the problem of structure? 

The answer to this question will take account of 
all the store of physical and chemical knowledge which 
we already possess. Having solved, wholly or in 
great part, the structure of some of the simpler crys- 
tals, and being able to proceed in all cases, even of 
the most complicated erystals, to the determination 
of the number of molecules in the cell, and of their 
mode of arrangement, we must try to correlate what 
we have found with the properties of the crystal. 
By that means we shall become gradually more cer- 
tain of the general connection between the structure 
and its physical and chemical properties; we shall 
become able to settle further structural details in 
various cases, and so, by alternate and mutually sup- 
porting advances, we may hope to reach our goal. 

Let us consider what is being done in this direc- 
tion. First of all there is the question of the dis- 
tribution of the atoms in space. Given so many 


atoms, to be packed into a cell of known dimensions, 
what information have we as to the space that each 
must occupy? The answer to the question can not 
be simple, because we may not expect that the atoms 
are always to be treated as spheres, still less as 
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heres of constant radius. It is as generally diffi- 
it to state the distance between one atom and 
hother as to state the distance between a table and 


re in. 
orders, 
































; 
em chair. Nevertheless, the atom-radius is a useful 
fairly neeption, especially when its dependence on the 
mr, the ture of combination 18 taken into account. The 
e end estion has been considered by W. L. Bragg, 
& tne yekoft, Davey and others, and it appears that an 
iency, Jgtom does make a definite contribution to the distance 
ler of tween its eenter—when it can be assumed to have a 
sofa & nter—and the center of a neighbor, so long as the 
atains Biure of the bond remains the same. This is a 
sluable contribution to the study of structure. It 
proved by the examination of simple structures 
= (4 -e those of the alkaline halides, and we may assume 
5 reliability in-our attempt on more complicated 
roblems. And, of course, it is interesting from the 
pint of view of atomic structure itself and atomic 
itter- nkages. 
rders The radius seems to depend on the tightness of the 
uple, ond as in bismuth or in graphite, where there are 
P the o kinds of bonding, and the plane of cleavage cuts 
and fgecross all the longer distances from center to center. 


n calcium fluoride the centers of calcium atoms are 
loser together than they are in the metal itself in 
ite of the interposition of the fluorine atoms; and 
n calcium oxide they are still closer. The change 
nm the type of the bonding has altered the value of 
he radius. 

There is also the very interesting but still more 
insettled question of the mutual orientation of the 


) the 
they 
here 
e of 
far, 

the 
are, 


ddi- 
inal bonds between an atom and its neighbors. It is, of 
ourse, the carbon atom which is the occasion of this 
of (problem in its most pressing form. In the diamond 
ich he exactly tetrahedral arrangements of bonds is 
rm sociated with great rigidity, which implies great 
Vs. stiffness of orientation. The analysis of the structure 
of (ge! graphite has lately been carried by Bernal to a 
= lage very near completion, but the only point in 
eir (ey doubt is unfortunately the very one as to which 
at ertainty would be welcome. Has the great weaken- 
al, (ees of one bond interfered with the relative orienta- 
a. ion of the other three? Debye thought that the 
os structure was trigonal, and that the atoms were ar- 
all ranged in layers which were like the layers of dia- 
in (eeond, except that they were flattened out without a 
p- sideways extension of the network. This would in- 
olve a closer approach of carbon atom centers from 
‘ Ld A. U. to 1-45 A. U.; against which no obvious ob- 
7 jection can be offered, but it would be interesting to 
y know how it happened. Hull believed the structure 
;, to be hexagonal, and that the layers remained as in 
h [je tediamond. Bernal, having found some good graph- 
A ite crystals to which the single crystal methods could 


be applied, finds that Hull is correct as to the 
hexagonal structure, but inclines to the belief that 
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the layer is flattened. In the latter case, we must 
suppose that the carbon atom has three very strong 
bonds almost coplanar with the carbon and one weak 
bond at right angles to this plane. 

The question arises in another form in the inves- 
tigations of the long carbon chains by Piper and 
others, and especially by Muller and Shearer. If the 
chains are formed by the linking of carbon atoms 
together in such a way that the junctions of one atom 
to its two carbon neighbors are inclined to one another 
at the tetrahedral angle of 109°28’, as in diamond, 
then there are three possible forms of chain. In one 
of them, each two carbon atoms imply an increase of 
2.00 A. U. in the length of the chain, and, in a second, 
an increase of 2.44 A.U. In these two cases the car- 
bon atoms of a chain can lie in a plane. With one 
exception, all the cases examined show one or other 
of these two rates of increase. The third form of 
chain is a spiral, for which the growth of each single 
atom added is 1.12. In one case this rate of increase 
is found to hold: it is that in which the chain econ- 
tains a benzene ring. This agreement between ¢al- 
culation and experiment shows with some force that 
the relative orientation of the bonds is maintained. 
Even when two or four hydrogens are stripped from 
the chain at various points, so as to leave a double or 
triple bond between consecutive carbon atoms, to 
adopt the ordinary chemical language and theory, 
no measurable change is found in the length of the 
chain. This does not mean that there is no change 
in the distance between neighbors: such a change 
would be small and might eseape detection. But it 
does mean that there is no great change in the general 
straightness of the chain, such as might be expected 
from any large change in the mutual orientation of 
the bonds between the carbon atom and its neighbors. 

In calcite the three oxygens which surround a ear- 
bon atom must lie-in one plane. It is supposed, how- 
ever, that in this ease the bonds are electrostatic: 
the carbon atom has lost its four valency electrons, 
and with them its powers of tetrahedral orientation. 

Now if we ean discover the extent to which an 
orientation is maintained under different conditions 
we are provided with one more guiding principle in 
our attempt to discover the structure of the erystal 
which contains carbon atoms. And, of course, the 
organic compounds center round the carbon atom 
and its tetrahedral structure. 

The question of orientation in respect to other 
atoms is more obseure, but it is clearly one of im- 
portance. There must be some reason why ice has 
such an open structure, and here the oxygen atom is 
largely concerned. In the ruby the oxygen atom has 
no plane of symmetry in relation to its neighbors. 
In organic substances the great emptiness of the 
structure implies that atoms are attached to one 
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another at points which have definite positions on 
the surfaces of the atoms and are limited in number. 
And, generally speaking, the consideration of or- 
ganic crystal structure is against any idea that atoms 
and molecules are to be treated as spheres surrounded 
by uniform fields of electric force, except in certain 
cases where by loss or gain of electrons an atom has 
been reduced to the outer form of one of the rare 
gases. They must have highly irregular fields, hav- 
ing forms which more or less resist any change. The 
weak bonds which hold molecule to molecule in the 
organic substance are not due to electron sharing as 
in diamond, or to ionization as in rock-salt, but to an 
intermingling of stray fields belonging to definite 
positions on the surfaces of the molecules. 

Our attempt to discover the effect of orientation is 
part of a general attempt to discover the field of 
force of the atom, which is naturally a very difficult 
matter. But if we can learn only a few rules, even 
empirical rules, we are so much the further on our 
way. 

Yet another obvious and most important source 
from which help may be obtained is to be found in 
chemistry itself. Although the chemist has had no 
means until now of measuring distances and angles, 
he has been able to build up a wonderful edifice of 
position chemistry. An atom A of a molecule is 
certainly linked, it may be to B, and not to C; or 
again, of a number of atoms of the same nature and 
contained in the same molecule, so many must be 
alike, and so many may be different. 

The chemist has, for example, come to the conclu- 
sion that the naphthalene molecule is a double ben- 
zene ring, and the anthracene a triple benzene ring. 
The X-ray observations show that one of the sides 
of the unit cell of the latter erystal is longer by 2-5 
A.U. than the corresponding side of the other, all 
other dimensions of the two cells being very nearly 
the same. The width of the hexagonal ring in the 
diamond is 2:5 A.U., so that on the one hand the 
chemical evidence suggests that the length of the 
molecule is parallel to that edge of the two cells 
which shows differing values, and on the other the 
X-ray conclusions give material support to the chemi- 
cal view. Let us take another example from basic 
beryllium acetate Be,O(C,H,O,),. The substance is 
remarkable for the ease with which it sublimes into 
a vapor consisting of whole molecules, from which we 
may infer that the molecule does not suffer much 
change in the process. The relative positions and 
mutual alliances of the atoms are nearly the same 
when the molecule is free as when it is built into the 
solid. From the X-ray evidence we learn that the 
molecule has four intersecting trigonal axes. We 
must place the unique oxygen at the center of a 
regular tetrahedron, and the four beryllium atoms 
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at its corners. Each of the six acetate groups », 
be associated with one of the tetrahedron edges, ay 
in such a way that the four trigonal axes are py: 
tained. This necessitates, as crystallographic they 
shows, the existence of a dyad axis through the yj 
dle points of each pair of opposite edges of the tet, 
hedron. The C,H,O, groups must be added g 

not to interfere with the existence of these axe, 
they are placed correctly for the trigonal axes, ¢, 
of them has a dyad axis of the kind mentioned, 4 
this agrees with the chemical evidence as partly staty 
in the formula, which implies: 


(1) That there is one oxygen differently situatg 
to the rest. 

(2) That the four beryllium atoms are all alike. 

(3) That the acetate groups are all alike. 





















Further, chemists would say that the carbon aton 
are not alike; in that case, they must both lie on ¢, 
dyad axis, since if they did not they would nece 
sarily be symmetrically placed with respect to tha 
axis and would be equivalent. On the other hanj 
the oxygen atoms in the acetate group can not lie o 
the axis if, as is probable, they are equivalent to ox 
another. They must be placed symmetrically with 
respect to the dyad axis. As to the hydrogens, we 
must assume either that they do not count, which is 
not at all unlikely, or that they are not all alike. If 
is impossible to place eighteen hydrogen atoms » 
that the group has four intersecting trigonal axa 
and that every hydrogen is like every other. Th 
molecule has no plane of symmetry, the fault lyin 
with the oxygens. It could not be due to the hydr- 
gens because there are marked differences in the i 
tensities of reflection of pairs of planes, which dif 
ferences would not exist if there were planes of sym 
metry, and would be small if due to dissymmetry in 
the positions of hydrogens only. It is by reasoning 
along such lines as these that X-ray evidence and 
chemical evidence can help each other. Many other 
instances might be given; indeed, no complex crystal 
can be studied with success without calling in tle 
assistance of chemical arguments. 

A fourth example of the conection between 4 
rangement and properties is to be found in the recet! 
work by W..L. Bragg on the indices of refraction o 
crystals. It has been found possible to calculate the 
indices of refraction of calcite, given the dielectri 
capacities of calcium, carbon and oxygen atoms 
separately. The difference between the two principt! 


refraction indices is almost entirely due to a different 
between the dielectric capacities of a set of thre 
oxygen atoms, at equal distances from one another, 
when placed: 


(1) So that the plane in which they lie contaim 
the direction of the field. 
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(2) So that this plane is perpendicular to the field. 





f we are able to calculate the refractive indices on 
1se data, then it must be possible to find econdi- 
ons governing the arrangement of the atoms, when 
'e know the composition of the crystal and its re- 
For instance, the near equality of 








active indices. 
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hat the dielectric capacity of the SO, group is much 
he same in all directions, and this is in agreement 
ith the hypothesis that the oxygen atoms are 
ouped in some sort of tetrahedral fashion about 
he sulphur atom. 
There are still other connections between structure 
nd properties which we begin to understand, and 
an use in proportion to our understanding. The 
leavage plane, and the occurrence of certain faces 
n preference to others are connected with the nature 
f the bonds and the size of the spacings. We are 
not surprised to find that in bismuth or graphite or 
naphthalene the cleavage plane cuts across the ties 
shich we should expect to be the weakest of those 
hat bind the molecules together; or again, that natu- 
al faces follow the planes that are richest in atoms 
pr molecules and may be assumed to contain rela- 
ively large numbers of linkages. In naphthalene the 
leavage plane passes between the ends of the mole- 
ules, where the B hydrogens are, and where there 
‘ms gms 2 deficiency in the number of scattering centers, 
1 areimes the X-rays indicate by the strengths of several 
themmerders of the (001) reflection. The other faces found 
“lying the erystal cut across the ties at the positions of 
he a hydrogens. 
There are many other connections between the 
structure and other properties of a substance, such 
as dielectric capacity, rigidity and compressibility, 
conductivity both thermal and electric, magnetic con- 
stants. In fact, the only properties of solid bodies 
which are not directly and obviously related to erys- 
tal structure are those, few in number, that depend 
on atomic characteristics alone, such as weight; and 
the absorption coefficients for a, B, y and X rays, all 
the rays which involve high quantum energies. With 
few exceptions every aspect of the behavior of a solid 
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ecent substance depends on the mode of arrangement of its 
yn of atoms and molecules. We have, therefore, an im- 
o them Uense field of research before us, into which the 
setric X-ray methods have provided an unexpected and 
tome Velcome entrance, j 

cipal They tell us directly, as I have said, the number of 
all molecules in the erystal unit cell, and the mode of 
pre fg ‘“eir arrangement with such determination of lengths 
ther, and angles as are required to define the mode of ar- 


Tangement in full. They leave us then to ally our 
hew knowledge to all that we possess already as to 
the physical and chemical properties of substances. 
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he refractive indices of potassium sulphate implies’ 
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By this comparison we hope in the end to determine 
the position of every atom, and explain its influence 
through its nature and position upon the properties 
of the substance. It is the chemistry of the solid that 
comes into view, richer in its variety even than the 
chemistry we have studied for the past century, and 
possessing an importance which is obvious to us all. 
Every side of scientific activity takes part in this 
advance, for all sciences are concerned with the 
behavior of matter. 


W. H. Braae 





REMINISCENCES OF LORD KELVIN 


Ow the hundredth anniversary of the birth of Lord 
Kelvin, celebrated by the scientific world, it may be 
permitted for the writer to record personal experi- 
ences of his kindness and impressions of his interest- 
ing personality. 

When in England among the scientists in the late 
eighties of the last century, it was most gratifying to 
receive from Lord Rayleigh a letter of introduction to 
Sir William Thomson. When Lord Rayleigh came 
to America to attend a meeting of the British Asso- 
ciation in Canada, he visited the laboratories of 
Wellesley College and was graciously disposed to put 
in the way of the first woman undertaking a depart- 
ment of physics in a college access to the best in her 
subject in England. 

Though it was summer and vacation in the Univer- 
sity of Glasgow, there was received from Lady 
Thomson a cordial letter, stating that she and Sir 
William were to come up from their country place in 
Ayrshire to assist in doing the honors in the univer- 
sity for the British Medical Association, then in 
session. She enclosed a card of invitation to the 
reception to be givén to the medical men and asked 
me to come at nine o’clock to go with them. 

At the appointed hour I was welcomed by our host, 
a man of quiet, almost quaint appearance and man- 
ner, but shining from his kind eyes a winning friend- 
liness. Lady Thomson, in garnet velvet, tall and 
handsome, quite resplendent with pearls and dia- 
monds, stood beside him. The reception was in the 
stately Gothic senate chamber, lately given to the 
university by the Marquis of Bute. All the faculty 
in academic dress and the ladies were gathered on 
the dais. 

After being presented to Principal Caird and 
others, from a point of vantage amid the brilliant 
group, one saw all Glasgow, much of Edinburgh and 
the British doctors file past. 

It was evident that Lady Thomson was the ac- 
knowledged social leader, and that Sir William was 
the one whom all the guests were most eager to meet. 

The next day several memorable hours were spent 
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in the laboratories, where much was going on. Half 
a dozen alert young students, some of whom have 
since become distinguished, were at work; here they 
were hands and feet under the control of the master 
mind, trying one device and then another to over- 
come difficulties in the performance of instruments 
later perfected. I sat by and watched how the mind 
of the original investigator works. His luminous face 
was an interesting study. Later he explained the evo- 
lution of his quadrant electrometer and siphon 
recorder, showed early models of cable devices and 
told dramatic experiences on his three Atlantic cable- 
laying voyages. 

He told of Maxwell’s great works—said he had not 
mastered all his equations yet—“I took a pull at 
them after returning from the reception the night 
before” he added. Lady Thomson showed the note- 
books he always kept about to catch new ideas or 
develop old ones; sometimes these were called to 
service in the night, which reminds one of Emerson, 
who used to wake up his wife because he had a 
thought. Sir William took me to his lecture room; 
showed his shoemaker’s-wax experiment, in which the 
lead bullets from above and the wooden cubes from 
below were working their way through, as he con- 
ceived the earth ploughs through the ether. He 
showed his “secular experiment,” as he called it, 
which he said was to go on for a hundred years to 
show the rate of travel of molecules. One wonders 
if that long tube is still on the wall of the Glasgow 
laboratory. 

Going to the house for tea, the African parrot was 
introduced—“Dr. Red-tail, alias Parnell or Donnelly, 
because he is an obstructionist, and if he can not 
have his way makes it impossible for others to have 
theirs.” . 

Sir William talked of Scotch history, of Prince 
Charlie and Jacobite music, of Highland legends, of 
American polities. 

In contrast to many other English and German sci- 
entists, Sir William seemed neither surprised nor 
alarmed that a woman should devote herself to mathe- 
maties and physics. This was thirty-five years ago. 

Some months later the meeting of the British Asso- 
ciation of Science was at Bath. It was an epochal 
meeting, for the work of Hertz, showing the identity 
of light and electricity, thus verifying the prediction 
of Maxwell, was just being discussed and “Section A” 
was full of excitement. The American stranger was 


taken under the kind care of Lady Thomson, who 
was always at her husband’s elbow, correcting his 
proof or amending his absent-mindedness, saying, 
“Sir William, here is so and so, you must meet him.” 

Through their kindness a dinner at the beautiful 
home of their host, a nephew of John Bright, was 
enjoyed. It was worth while to listen to the brilliant 
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conversation between Sir William and J AaNnsen, thy 
distinguished French astronomer, Oliver Lodge, Glay, 
brook and other like guests. 

After ten years it was again my good fortune to by 
at another notable meeting of the British Association 
at Liverpool. The x-rays had just been discovered 
and Lenard, who did the pioneer work, was a nest 
of honor. It was here a sidelight on the Personality 
of Lord Kelvin, for he had now been elevated t, the 
peerage, to see how all the Englishmen of science pg 
only revered but loved him. 

To hear the veterans, Kelvin and Stokes, in his 
debate with other giants of science as to the “ar 
ticular go” of the half-dozen new kinds of radiatiny 
lately discovered was something to remember. 

Lord Kelvin asked me to a private séance with 
Lenard and his tubes. His child-like ingenuousneg 
was delightful. While every one was hanging on his 


words, his attitude was always that of the questione§ 


and learner. 

This was deeply impressed in the final experienc 
I had with Lord Kelvin. He was to lecture in Fax. 
day’s Theater in the Royal Institution in London, 
Professor Dewar sent tickets and an invitation to, 
reception given at his house after the lecture. It 
had became a rare thing for Lord Kelvin to lecture, 
and a notable audience was gathered from all the wi- 
versities to honor the occasion. Every one was in 
full dress, as is the wont at these famous Friday eve. 
ning lectures. The semi-circle of men fronting the 


lecturer was remarkable, every man of international | 


reputation—Lord Rayleigh, who discovered argos, 


Ramsay, of helium fame, Crookes, of the cathode 


rays, Huggins, “father of the new astronomy,” anda 
score of others almost as noted. Lord Kelvin spoke 
slowly, with singular unconsciousness of his audience. 
He seemed to be rather thinking aloud and watching 
his experiment with intent look and uplifted finger, 
looking for the result as if to learn something nev 
himself. 

Lord Kelvin was great enough to lead the mathe- 
matical physicists of his day and kind enough to give 
the inspiration of his talk, and answer patiently the 
questions of eager young students. 

SaraH Frances WHITING 





SCIENTIFIC EVENTS 


THOMAS CORWIN MENDENHALL 


A memormat to Dr. Thomas Corwin Mendenhall 
prepared by the committee on necrology, was pr 
sented at the meeting of the Ohio Academy 
Science at Columbus on April 19, by Professor 
Herbert Osborn. The memorial reviews Dr. Menden- 
hall’s life and services to science, which were the 
subject of a special article by Mr. G. R. Putnal 
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printed in the issue of Science for July 11, 1924. 
The concluding part of the memorial of the Ohio 
Academy is as follows: 


Dr. Mendenhall’s active connection with our Ohio 
Academy of Science began shortly after his return to 
Ohio in 1912 and he has been a devoted and helpful mem- 
ber interested in promoting its every interest. Almost 
as soon as he had acquired membership he was elected 
president, a quite unusual proceeding. This occurred at 
Oberlin meeting, 1913, and he served for the year 1914 
with such skill and enthusiasm as to give us all renewed 
courage and confidence in the mission of the academy. 

As trustee and for a number of years chairman of 
the research fund of the academy, serving from 1916 to 
his death, he was greatly interested in the use of the 
academy funds for research and used rare discrimination 
in the assignment of its limited income to secure the 
largest benefits in the encouragement of research. 

He was particularly interested in the securing of larger 
support for the academy, and served most faithfully on 
the legislative committee which sought state support for 
the academy activities, especially for publication of the 
results of scientific studies. He expressed the hope, and 
it was one of his cherished projects, that the academy 
might be provided with a suitable building for its per- 
manent home and as a center of its activities and that 
it might serve in some very vital way for the promotion 
of the scientific functions of the state. His recommenda- 
tions and suggestions are matters of recent record and 
may serve us in our future efforts for the development 
of scientific activities in the state. 

With all these relations the thing we feel most deeply 
to-day is the friendly nature of his work among us. 
With the most unusual experience in scientific develop- 
ment of more than half a century, a remarkable acquaint- 
ance with scientific work and workers he possessed such a 
broad appreciation of the work and accomplishments of 
others and such a friendly attitude toward even the most 
humble worker in the field of science that his presence 
and interest were a constant source of encouragement. 
With a multitude of honors and distinctions he was still 
one of the most democratic and unassuming of men. 
With a wealth of achievement, seldom equalled, to his 
credit he was ever modest in reference to the importance 
of his own contributions to science. He was a man whom 
we could admire and love, whose friendly greetings will 
be missed but whose memory will be cherished as repre- 
senting the finest spirit of scientific devotion, achievement 
and fellowship. We have recorded our esteem and appre- 
ciation of his worth in such honors as it was in our power 
to give. We have now to place on record, as our lasting 
recognition, this declaration of our high regard for his 
service, our great indebtedness for his many activities 
in the academy and our tribute to his memory as a friend 
and fellow worker. His fine accomplishments and inspir- 
ing personality will long remain with us as a beautiful 
memory. 

Hersert Ossorn, Chairman, 
A. D. Coz, 
Wm. McPHERSON 
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MINNESOTA EXPEDITION TO THE 
HAWAIIAN ISLANDS 


THERE has been organized at the University of 
Minnesota an expedition to the Hawaiian Islands to 
make a survey of the marine fauna and flora along 
the coast, with special reference to the algae and the 
food of fish. Members of ‘the expedition include: 
Dr. Josephine Tilden, professor of botany; Dr. W. A. 
Riley, chief divisions of entomology and economic 
zoology; Dr. Henry A. Erikson, chairman, depart- 
ment of physics; Dr. R. A. Gortner, professor of 
plant physiology; Dr. J. Arthur Harris, professor of 
botany; Dr. Shirley P. Miller, instructor of anatomy, 
and Dr. Royal N. Chapman and Dr. William E. 
Hoffman, of the department of zoology. 

The occasion of the trip is the First Pan-Pacific 
Food Conservation Conference. Members of the 
Minnesota group are among the delegates repre- 
senting the United States. Following the termina- 
tion of the conference the group will remain for 
the rest of the summer in the Hawaiian Islands 
where they will begin their research investigations 
which are closely related to the purposes of the 
conferences. This work will be a cooperative study 
of the plants and animals inhabiting the waters 
bordering on the islands with especial emphasis upon 
their relations to the production of human food. 


THE PRIZE ESSAY AWARDS OF THE AMER- 
ICAN CHEMICAL SOCIETY 


AccorpiInGé to Industrial and Engineering Chem- 
istry, Secretary of Commerce Herbert Hoover, chair- 
man of the National Awards of the American Chem- 
ical Society, has announced that six four-year schol- 
arships to Yale University, consisting of tuition fees 
and $500 a year in cash, have been awarded to the 
following students: 


DoNALD VivIAN, Phoenix, Ariz., ‘‘The relation of 
chemistry to health and disease.’’ 

JAMES C. REID, Dallas, Texas, ‘‘The relation of chem- 
istry to the enrichment of life.’’ 

OLIvER C. PrrrTMan, Commerce, Ga., ‘‘The relation of 
chemistry to agriculture and forestry.’’ 

E.Ton R. ALLISON, Centralia, Wash., ‘‘The relation of 
chemistry to national defense. ’’ 

BENJAMIN Nassav, Hartford, Conn., ‘‘The relation of 
chemistry to the home.’’ 

EUGENE R. BROWNSCOMBE, Santa Rosa, Calif., ‘‘The 
relation of chemistry to the industries and resources of 
California. ’’ 

Over 500,000 students all over the United States 
competed, and six prizes of $20 in gold and certifi- 
cates of honorable mention have been awarded in each 
state and in the District of Columbia. The state win- 
ners entered the national contest, and it is from their 
essays that the six winners were selected. 
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The contest will be continued next year, and in ad- 
dition to the prizes offered to students of high and 
secondary schools, which will be substantially the 
same as those awarded this year, six prizes of $1,000 
each will be awarded to students of colleges and uni- 
versities for the six best essays on the subjects desig- 
nated : 


‘* The relation of chemistry to health and disease.’’ 

‘* The relation of chemistry to the enrichment of life.’’ 

‘*The relation of chemistry to agriculture or forestry.’’ 

‘«The relation of chemistry to national defense.’ 

‘<The relation of chemistry to the home.’’ 

‘‘The relation of chemistry to the development of an in- 
dustry or a resource of the United States.’’ | 


Universities granting scholarships in addition to 
those provided by Mr. ard Mrs. Garvan are the Uni- 
versity of Arizona, which gives two scholarships re- 
mitting all fees; the University of Iowa, one scholar- 
ship; the University of Kentucky and the University 
of Mississippi, each one. In South Dakota the 
Northern Normal and Industrial School at Aberdeen 
offers a prize of $25 for the best essay submitted in 
the state. In Texas the Baylor College for Women 
offers a scholarship worth $120, and the University 
of Texas offers a tuition scholarship worth $120. The 
University of Utah has contributed a tuition scholar- 
ship, and Washington and Lee University in Virginia 
is offering a tuition scholarship worth $80. Both the 
Catholic University of America and Georgetown Uni- 
versity will grant four-year tuition scholarships, while 
the University of Virginia offers a four-year scholar- 
ship to the author of the best essay submitted in that 
state. The University of Florida will award two one- 
year scholarships remitting registration and labora- 
tory fees; Northwestern University offers one scholar- 
ship; the University of Maryland offers a tuition 
scholarship ; St. Louis University, a four-year scholar- 
ship, including matriculation fee; and the University 
of Missouri has established six fellowships for the six 
prize-winning essays in Missouri. 


PSYCHOLOGICAL RESEARCH AT YALE 
UNIVERSITY 


An important development of the research work in 
psychology at Yale, the appointment of three men of 
national distinction, and the gift of funds to carry 
on the new work are for the first time definitely 
announced by Yale University. 

A group of research specialists will be associated 
together in an institute devoted to the study of fun- 
damental problems of human behavior, and to the 
training of personnel for the further pursuit of new 
studies in the field of teaching, research and of prac- 
tical application. The initiation of this enterprise 
is a step of the first importance toward increasing the 
facilities for psychological research and training. 
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The need of such research has been increasingly {gj 
in medicine, in industry, in education, in social wor 
in child welfare and in various publie problems, 4 
generous contribution for a period of five year, 
toward this undertaking has been made by the Laur, 
Spelman Rockefeller Memorial. 

Roswell Parker Angier, professor of psychology in 
Yale University, will act as chairman of the group 
or institute, which will be an integral part of the 
university. It will be closely associated with the 
graduate school; its facilities will be available i 
advanced students who may be candidates for 
doctorate or who may wish to engage independently 
in research. 

Arrangements have been concluded for bringing to 
the institute three leading men of science. Robert 
M. Yerkes, formerly of the National Research Coun- 
cil, will have charge of the work in the field of con- 
parative psychology with special reference to the 
primates; Raymond Dodge, formerly professor of 
psychology in Wesleyan University, in fundamental 
aspects of normal behavior, and Clark Wissler, of 
the American Museum of Natural History, in the 
fields of racial, and particularly primitive, human 
behavior in its cultural and social aspects. 





SCIENTIFIC NOTES AND NEWS 


At the meeting of the British Association for the 
Advancement of Science, held in Toronto from At- 
gust 6 to 13, general lectures were delivered as fol- 
lows: 

Evening discourses. 

Smirk THoMAS HOLLAND on ‘‘ Formation and destruction 

of mineral deposits. ’’ 


Proressor D’Arcy W. THompson, of St. Andrews 
University, on ‘*The shell of a nautilus.’’ 


Citizens’ lectures. 

Proressor A. 8S. Eppineron, of the University of Cam- 
bridge, on ‘‘ Einstein’s theory of relativity.’’ 

Proressor G. H. F. Nurratu, of the University of 
Cambridge, on ‘‘ Cambridge. ’’ 

Sir Rospert Ropertson, of the Royal Arsenal, Wool- 
wich, on ‘‘ Explosives.’’ 


Lectures to children. 

Sm Wiiu1aM Braae, of the University of London, on 
‘* Crystals. ’’ 

L. H. Duptey Buxton on ‘‘The people who live be 
yond the great wall of China.’’ 

Proressor J. H. Priestiy, of the University of Leeds, 
on ‘‘Plant waterproofs.’’ 


THE annual meeting of the French Association for 
the Advancement of Science was held in Liége from 
July 28 to August 2, under the presidency of Pro- 
fessor M. Viala. This is the first time that the ass0- 
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y felt Miiciation has met outside France. The King of Bel- 
work, gium presided at the opening meeting, when the medal 
s. A Mifof the association was conferred upon M. Poincaré 
years famand Cardinal Mercier. 
ura Dr. Waro Nakawara, of the Rockefeller Institute 
for Medical Research, has been awarded the degree 
3y in of doctor of medical science by the Imperial Univer- 


TOoUup 
’ the 
- the 


sity of Kyoto, Japan, in recognition of his work on 
cancer immunity. 
Tue Royal College of Surgeons of England has 


_ awarded its Lister Medal for distinguished contribu- 
antly tions to surgical science, with the honorarium of £500, 

to Sir W. Watson Cheyne, who, in accordance with 
gto mete conditions of the trust, has undertaken to give an 
bert epeddress at the Royal College of Surgeons next year. 
oun- Tue Cagnola prize (gold medal and 2,500 lire) has 
0Om- heen awarded by the Lombardy Academy of Sciences 


the to Dr. E. Greppi, of Milan, for his studies on hemo- 
of globin. 


age Tue Leibniz Silver Medal, for 1924, of the Prus- 
ee sian Academy of Sciences has been awarded to 
™ Fraulein Lisa Meitner, professor of physics at the 
nan 


Kaiser Wilhelm Institute in Dahlem, near Berlin, in 
recognition of her researches on radium. 


For the year 1924 the American Geographical 
Society of New York has awarded its three gold 
the medals as follows: The Cullum Geographical Medal 
Aa to Professor Jovan Cviji¢é, of Belgrad University, 
ol- for his eontributions to Balkan geography; the 
Charles P. Daly Medal to Colonel Claude H. Birdseye, 
who descended the Grand Canyon of the Colorado 
ion in the summer of 1923, in charge of a party studying 
the water-power possibilities of the canyon; the 
faa David Livingston Centenary Medal to Commander 


Frank Wild, well known for his Antarctic work. 


Mepaus of the Royal Geographical Society have 
m- been awarded as follows: The Founder’s Medal to 
Ahmed Hassanein Bey for his journey in 1923 to 
of Kufra and Darfur; the Patron’s Medal to Commander 
Frank Wild for his long services to Antarctic Ex- 
ploration. The council have awarded the Victoria 
Medal to J. F. Hayford, formerly of the United 
States Coast and Geodetic Survey and now director 
of the College of Engineering of Northwestern Uni- 
versity, for his establishment of the theory of 
Isostasy; the Murchison Grant to J. H. Reynolds for 
tis work on the 1/Million Map and for the Per- 
; manent Committee on Geographical Names; the Back 
Grant to M. ©. Lester for his geographical work in 
Graham Land; the Cuthbert Peek Grant to F. King- 
don Ward to assist him in his present journey in 
Tibet; the Gill Memorial to Major A. L. Holt for his 
surveys in Arabia. 


oI - 
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At the annual general meeting of the Faraday 
Society, held on July 7, in London, Professor F. G. 
Donnen was elected to succeed Sir Robert Robertson 
as president. 


Proressor Micuaet I. Puprn and Dean George B. 
Pegram, of the Schools of Mines, Engineering and 
Chemistry, have been designated to represent Colum- 
bia University at the centenary of the Franklin 
Institute, Philadelphia, September 17 to 19. 


ProFessoR VLADIMIR Karapetorr, of the school of 
electrical engineering at Cornell University, has been 
nominated on the Socialists’ New York State ticket 
for the office of state engineer and surveyor. Two 
years ago the late Dr. Steinmetz was the socialist 
party’s nominee for the same office. 


D. B. Dow, of the Petroleum Experiment Station 
of the Bureau of Mines, has been appointed engineer 
in charge at the new station now being established at 
the University of Wyoming. 

Henry C. BerGer has resigned from the research 
staff of the U. S. Bureau of Mines to take the posi- 
tion of research chemist for the Armstrong Cork and 
Insulation Company, New Jersey. 


Dr. R. E. M. Wueeter has been appointed di- 
rector of the National Museum of Wales, in succes- 
sion to Dr. William Evans Hoyle, who resigned the 
position recently owing to ill health. 


Dr. C. V. Piver, of the United States Department 
of Agriculture, who has been studying pastures and 
meadows in Europe, returned in the latter part of 
July. 


THE orator at the University of Chicago, at the 
convocation on August 20, will be Professor John 
Merle Coulter, head of the department of botany at 
the university, whose subject is “The international 
mission of universities.” 


A sust of the late Professor Blanchard, the para- 
sitologist and authority on tropical medicine, has re- 
cently been unveiled at his birthplace, Saint-Chris- 
tophe, in Touraine. 


THe Société d’Anthropologie of Paris recently 


celebrated the centenary of the birth of Paule Broea, 


who founded the society in 1859. 


THE death is announced of Dr. David Lebo, emer- 
itus professor of obstetrics and rector of the Central 
University of Venezuela, recently president of the 
National Academy of Medicine. 


Dr. Fine Poéra, professor of paleontology and 
geology at the University of Prague, died recently at 
the age of sixty-five years. 


Tue death is also announced of M. Emile Pierard, 
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of Brussels, president of the Société Belge des Elec- 
triciens, and an authority on the subject of electric 
transmission lines. 


THE Commission on Standardization of Biological 
Stains is at work preparing a book on stains, dealing 
with their chemistry, synonymy and uses, discussing 
the characteristics of satisfactory and unsatisfactory 
stains. 
H. J. Conn, is on leave of absence from the New 
York Agricultural Experiment Station in order to 
collect data for this book. It is hoped to have it ready 
for publication some time during the coming winter. 


THE date for the summer meeting of the American 
Ceramic Society has been set for October 6 and 7, at 
the Hotel Biltmore, Los Angeles, California. The 
morning and afternoon sessions will be devoted to the 
reading of papers and discussions. The dinner meet- 
‘ing will be on Tuesday evening. Railroad excursion 
rates will be granted with the usual stop-over privi- 
leges. For further information communicate with 
either Mr. Fred B. Ortman, chairman of the Summer 
Meeting, Tropico Potteries, Inc., Glendale, Calif., or 
with the general secretary, Lord Hall, Ohio State Uni- 
versity, Columbus, Ohio. 


AccorDING to Chemical and Metallurgical Engi- 
neering, the International Union of Pure and Applied 
Chemistry has been invited to hold its 1926 meeting in 
the United States in conjunction with the fiftieth an- 
niversary meeting of the American Chemical Society. 
Those of the members of the International Union 
who have been consulted in connection with the pro- 
posal say that the only objection is the expense, al- 
though it is admitted that many members of that or- 
ganization would be willing to expend a reasonable 
amount for the education and experience that would 
' result from it. Officials of the American Chemical 
Society now are conferring with the railroads to see 
what special rates may be obtainable for a special 
train which would convey the visitors, during their 
stay, to the principal centers of the chemical industry. 
It is believed such a plan, which would permit of 
their living on the train, would reduce the expense 
materially. 


Aw International Conference on Health Problems 
in Tropical America was held at Kingston, Jamaica, 
from July 23 to 31. 


THe 1924 session of the Institut International 
d’Anthropologie will be held this year in Prague, 
Czechoslovakia, from September 14 to 21. The ses- 
sion will be held under the auspices of the Czecho- 
slovak government and includes excursions to the 
famous eaves and localities of ancient man in Mo- 
ravia. To facilitate attendance, passport visa for 


members of the congress will be dispensed with, and a 
50 per cent. reduction will be allowed for members 
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and their families on all the railroads within the Re 
public. The congress will be devoted to all branch, 
of anthropology and communications may be pre 
sented in any of the modern languages. 


We learn from Nature that the international (op, 
mission on Illumination held its sixth session at Gener, 
from July 21 to 25, under the presidency of Dr, p 
P. Hyde. Twenty-six papers on subjects connect 
with illumination were presented, and delegates fro, 
America, France, Great Britain, Italy, Japan, Polanj 
and Switzerland were present. The papers deg} 
with photometric nomenclature, primary standards of 
light, heterochromatic photometry, automobile anj 
industrial lighting and legislation. As a result of tl 
discussions, progress was made on a number of prob. 
lems in which international agreement and coopen. 
tion is desirable. 


THE twenty-third Flemish Congress of Natur 
Science and Medicine was held at Aalst on August 
9 and 10. 


Tue Belgian Society of Hydrology will hold th 
next congress at Brussels, under the chairmanship of 
Dr. Modeste Terwagne, from October 15 to 17, 1925, 


THe Department of Biology and Public Health a 
the Massachusetts Institute of Technology, beginning 
with the next college year, will offer the degree of 
doctor of public health to properly qualified cand- 
dates. The new degree will be placed on the same 
level as the degrees of doctor of philosophy and 
doctor of science, requiring, in general, at least three 
years of graduate work for those possessing the 
bachelor’s degree. 


A Japan Eugenics Society has been organized 
under the management of R. Goto. A monthly 
magazine, of which the English part of the title is 
Eugenics, is being published to spread the knowledge 
of eugenics in Japan. 


Tue Bureau of Mines radium laboratory has been 
set up in Washington after its transfer from Reno. 
This change in the location of the laboratory was 
made so that the work could be under the personal 
supervision of Dr. 8. C. Lind, the bureau’s chie 
chemist. 


Work has been begun by the Wisconsin Committee 
on the Application of Electricity to Agriculture, 0 
which Dean H. L. Russell, of the College of Agricul 
ture, is chairman. The experimental community s 
lected is situated southwest of Ripon, starting ne! 
the city limits and extending out about six miles 
About fifteen general farmers and two pea viners 
will have their farms electrified and studied. A 
curate records on the use of all electrical equipma! 
and specially made farm machinery will be kept a4 
the results will be broadcast throughout the state. 
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It is believed the community will be visited by many 
thousands of farmers during the course of the ex- 
eriments, Which will be continued for more than a 
year. The high-voltage power line which will serve 
the farm electric laboratory is about completed, and 
within a very short time the farmhouses and barns 
will be wired for service. 


AccorDING to Chemical and Metallurgical Engineer- 
ing, an appropriation of $90,000 will be asked of the 
Congress next December by the Bureau of Mines, for 
the purpose of establishing a plant in the field for 
the extraction of oil from shale, on which for several 
years the bureau has been engaged in laboratory ex- 
perimentation. The estimate for this appropriation 
was submitted to the budget bureau several weeks 
ago and has been approved by General Lord, director 
of the budget, and by President Coolidge. The ap- 
propriation is to cover the construction of the plant, 
the land necessary for the plant and the securing, by 
purchase or otherwise, of the necessary shale or shale 
land. 


SECRETARY OF THE InTERIOR Work has recently 
taken steps to formulate a committee composed of rep- 
resentatives of the American Bar Association and lead- 
ing patent bar associations of the country to simplify 
methods of procedure and expedite the business of 
the Patent Office. The plan of Secretary Work is to 
have the committee after its organization make a 
thorough review of the Patent Office and to submit 
suggestions for changes in methods that should result 
in bringing the work of the bureau to a current basis 
in the near future. Because of a tremendous increase 
in the patent business during the last few years, the 
Patent Office has been unable to keep up with the 
number of applications for patents that have been 
filed by the public. 


AccorpIn@ to the scientific correspondent of the 
London Times, two Dutch investigators, Professors 
Paul Frosch and H. Dahmen, have succeeded in iso- 
lating the virus of foot-and-mouth disease, the viru- 
lent contagious malady of cattle which in recent years 
has threatened economic disaster to the stock-raising 
industry. It has long been accepted that the causa- 
tive agent of this plague must be a living organism 
capable of surviving outside the body of cattle for a 
sufficient time to spread by unknown ways. The 
Dutch professors now have not only isolated the virus, 
but have been able to make pure cultures of it on 
solid media. Thus the first stage towards conquest 
of the disease has been reached. The method they 
have employed has been the use of the ultra-micro- 
scope and the taking: of photographs by light-rays 
beyond the range of visibility. 


On July 1 the metric system became the official 
standard of measurement in Japan and was so an- 
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nounced in a recent imperial ordinance, according to 
advices to the Department of Commerce. The gov- 
ernment for some time has been conducting an edu- 
cational campaign in order to popularize the system 
and has staged demonstrations in various cities. The 
law does not contemplate the immediate universal use 
of metric units, since it is realized that it will require 
considerable time to overcome the numerous diffi- 
culties. The great majority of the Japanese people 
understand only the native units and are very con- 
servative and prone to stick to old customs and habits. 
Furthermore, there are very formidable physical and 
financial difficulties to overcome. The replacement of 
the present scales used by the Imperial government 
railways, for example, will mean the purchase of 
several thousand new scales at an expenditure of pos- 
sibly 1,000,000 yen. 


The Medical Journal and Record states that, at the 
British Empire Exhibition now being held at Wemb- 
ley, in London, there is a Tropical Health Depart- 
ment which is intended to give a graphic representa- 
tion of the various diseases and to explain how they 
are caused and how they may be prevented. The dis- 
ease section deals with twenty-seven diseases, and one 
portion is given over to those which are spread by 
biting insects. Photographs, pictures, models and 
specimens are employed to deseribe each disease, and 
a brief history and the existing means for fighting it 
are also given. Among these diseases are included 
such conditions as malaria and yellow fever. An- 
other group includes those due to intestinal infection 
such as typhoid fever. Food deficiency diseases are 
represented by scurvy and beriberi. Much space is 
devoted to skin diseases, yaws and leprosy. The third 
section deals with hygiene and the fourth with plant 
diseases. 


Accorpiné to the Journal of the American Medical 
Association the public-health committee of the New 
York Academy of Medicine has been making a sur- 
vey in this city as regards the care of convalescent 
patients. A special report which this body has made 
on this “neglected phase of medicine” points out that 
there has been no serious discussion of the kind of 
care which the various types of convalescent patients 
require. There has likewise been no thorough con- 
sideration of the types of cases which should be cared 
for jointly, and which would harmonize from an ad- 
ministrative medical point of view. To remedy this 
the public health committee plans to study the con- 
valescent needs of the city, with a special view to the 
framing of a community policy and developing medi- 
cal and administrative standards for the guidance of 
convalescent homes. It plans to organize a central 
reference bureau to furnish information and to act 
as a clearing house, to facilitate a better distribution 
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of convalescent patients to the existing homes and 
hospitals, and to assure treatment best suited to each 
patient. The bureau will be financed by the Sturgis 
Research Fund and the Burke Foundation. The sur- 
vey shows that the existing facilities are reasonably 
sufficient but that they are underutilized. 


AccorDING to Nature, arrangements have been 
made to establish at Oxford in October next the Im- 
perial Forestry Institute, which is intended to serve as 
an educational and research center for the British 
Empire. It will be a university institution, with the 
professor of forestry as its director; but it will be 
under the control of a board of governors, with a 
forestry commissioner as chairman. The educational 
work of the institute will comprise (1) post-graduate 
training of forest service probationers and other qual- 
ified persons, (2) training of research officers in spe- 
cial subjects, and (3) provision of courses for selected 
officers already serving. The institute will be open to 
various categories of students, who must as a rule 
have had previous training at a university in forestry 
or some allied science. The normal course of study 
will extend over one academic year, and the subjects 
dealt with will cover the whole range of forestry. 


NEw experimental equipment produced at the Cruft 
laboratories of Harvard University is being installed 
in a large DeHaviland plane for the purpose of 
dispersing fog or clouds. This includes sand boxes 
on each side of the fuselage, which are connected to 
batteries. By pulling a lever the electrified sand is 
released through a nozzle and sprayed over the cloud 
or fog bank which is to be exterminated. 


THE British Medical Journal states that the reports 
on serological investigations presented to the Second 
International Conference on the standardization of 
sera and serological tests held at the Pasteur Institute 
in Paris in November, 1922, have been published in a 
volume of some 300 pages by the health organization 
of the League of Nations. The reports deal with the 
standardization of serums for diphtheria, tetanus, 
meningitis, pneumonia and dysentery, and with the 
sero-diagnosis of syphilis. 


For the preservation of the only two herds of wood 
bison known to exist in a wild state, the Canadian 
government has set aside an area of five thousand 
square miles in the wilderness south of Great Slave 
Lake. Little has been known of these herds of wild 
wood bison until a party was sent out by the 
Canadian government in 1922 to get all available 
information. It was then learned that the number 
of bison in the northern herd is at least five hundred 
with twice as many in the southern herd. 


A 26-1ncH refracting telescope is to be installed 
at Johannesburg, South Africa, by Yale University, 
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according to a report from Consul G. K. Donald 
the Secretary of State. Yale’s decision on the loca. 
tion of the telescope was largely due to the America, 
Chamber of Commerce at Johannesburg. At its yp. 
quest, the minister of railways granted a 15 per cenj, 
reduction in freight rates from the coast, the con. 
missioner of customs and excise has promised to y. 
quest from parliament free entry for the telescop 
and accessories, and the director of the union observa. 
tory at Johannesburg, besides affording the facilitic 
of astronomical time service, dark rooms, ete., has 
promised a free site in its 15-acre reservation. 


A FURTHER stage in the development of the Cas 
Tron Research Association was reached a few days 
ago, when the association formally took possession of 
its laboratories. These are situated in Guidford 
Street, Birmingham, and are equipped for the con. 
duct of chemical analyses and general metallurgical 
and heat-treatment work. The capacity of the asso. 
ciation to deal with its work will be greatly increased, 
but it is not intended to abandon the policy of having 
investigations conducted in prominent university la)- 
oratories and in the works of members. It is antici- 
pated that the association, which commenced a new 
financial year on July 1, will ineur an expenditure 
during the year of between £6,000 and £7,000. The 
research program includes important investigations on 
erosion- and corrosion-resisting cast irons; moulding 
sands; graphitization; heat-resisting cast iron; the 
production of malleable cast iron; cupola practice; 
east irons for electrical and magnetic purposes; mea- 
surement of melting and pouring temperatures; the 
fundamental properties of cast iron; standardization 
of test bars, materials and methods; facing sands 
and blackings; cast iron to resist abrasive wear, and, 
jointly with the British Motor and Allied Manufac- 
turers’ Research Association, automobile cylinders 
and pistons. 





UNIVERSITY AND EDUCATIONAL 
NOTES 


Tue Carnegie Corporation of New York has paid 
to Samuel H. Church, president of the Carnegie In- 


stitute of Pittsburgh, $8,000,000 provisionally prom- 


ised four years ago, to be added to the endowment 
for the educational work of the institute. This makes 
the total amount given to the Carnegie Institute by 
Mr. Carnegie and the Carnegie Corporation $38, 
000,000. 


In connection with the incorporation of Rush Meé- 
ical College as a part of the University of Chicago, 
the medical work on the quadrangles of the university 
has been organized under the name of the Graduate 
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School of Medicine. To emphasize and assure the 
scientific character of this school, it is not organized 
separately from the Ogden Graduate School of Sci- 
ence, but within that school as a part of it. 


Iv was stated in Scrence that Dr. A. Ross Hill had 
been elected president of the University of Oklahoma. 
Dr. Hill was offered the presidency some time ago, 
but was unable to accept. Dr. J. S. Buchanan, acting 
president since the resignation of Dr. Stratton D. 
Brooks to accept the presidency of the University of 
Missouri, was elected president at the meeting of the 
Board of Regents held on June 3. 


C. M. Carson, director of the department of chem- 
istry, has been appointed acting president of the 
Michigan College of Mines, to succeed the late Dr. 
F. W. MeNair. 


N. Henry Buack, of the Roxbury Latin School, 
Boston, has. been appointed assistant professor in 
Harvard University to teach physics and to organize 
courses on science teaching in the Graduate School 
of Education. 


Dr. R. B. Streets, of the University of Wisconsin, 
has been appointed assistant professor of plant 
pathology at the University of Arizona. 


Dr. Ivan C. Hatt, of the University of California, 
has been appointed professor of bacteriology at Cor- 
nell University, Ithaca. 


Dr. P. W. Wuirttne, research associate professor 
of eugenics, of the Iowa Child Welfare Research Sta- 
tion, has resigned to become professor of biology at 
the University of Maine. 


E. A. Mune, assistant director of the Solar Physics 
Observatory at Cambridge, has been appointed to the 
Beyer chair of applied mathematics at the University 
of Manchester. 





DISCUSSION AND CORRESPONDENCE 


THE USE OF SEA SALINES IN THE TREAT- 
MENT OF GLANDULAR (INCLUDING 
UNDOUBTEDLY GOITROUS) EN- 
LARGEMENTS—HISTORICAL 
NOTES 


In a previous discussion upon the relationship 
between the purity of our dietary condiment known 
as “common salt” or “table salt” and the existence of 
endemie goiter, the writer believes he was the first 
one to draw attention (see this Journal, LIV, No. 
1389, p. 131, August 12, 1921) to the significance of 
the geochemie phenomenon by which iodine has been 
largely leached from the soil of many localities and 
to the significance of the source of our present-day 
article, derived, as it is practically altogether, from 
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inland deposits and brines rather than from sea 
water and “alkali” mineral springs, as was the 
former-day custom. I also pointed out the possible 
desirability of using a condiment consisting of total 
sea salts or even sea water in place of our table salt. 
The full results of my inquiries in this direction were 
published in the Jour. Am. Med. Assoc., Vol. 78, 
18-21, Jan. 7, 1922. 

In the spring of 1922, Professor Raymond C. 
Osburn gave me an interesting reference from “Buck- 
land’s Log Book of a Fisherman and Zoologist,” 
London, 1883, p. 161, to wit: 


Just one hundred and twenty years ago a very small 
but very remarkable book was published. The title of it 
was ‘‘A dissertation on the use of sea water in the dis- 
eases of the glands, particularly the scurvy, jaundice, 
king’s evil, leprosy and the glandular consumption,’’ 
translated from the Latin of Richard Russell, M.D., by 
an eminent physician. ‘‘The sea washes away all the 
evils of mankind,’’ Eurip., Iphig. in Taur., v. 1193. 
London: Printed at Homer’s Head, Temple Bar; and 
R. Goadby at Sherbourne, 1752. 


It has appeared to me that some excerpts from 
Russell’s book, necessarily unscientific as they are, 
might prove of interest, both historically and other- 
wise at the present time, especially in regard to the 
use of sea foods and sea salt in the preventive treat- 
ment of endemic adolescent goiter and perhaps other 
“deficiency diseases” which were, of course, unrecog- 
nized as such in his day. 

Russell’s original work was entitled “De tabe 
glandulari, sive de usu aquae marine in morbis 
glandularum dissertatio;” 3 p, l., 3-235 pp., 7 pl. 8° 
(oxoniae). J. Fletcher et J. et J. Riverton, 1750. 
At least four editions of this work, translated into 
English, appeared under dates as follows: 1752, 1753, 
1760 and 1769. The edition of 1753 reached 398 
pages. That of 1760 contained also “A translation 
of Dr. Speed’s commentary on Sea Water.” The 
following are taken from the 3rd English edition 
(1760) : 


By sea water joined with other medicines, the Glands 
may be successfully purged, and freed from Obstruction 
—p. 7. 

The Patient will bear the Stimulus of the Sea water 
six months and, in Disease of Skin, I have known a 
Patient bear it tolerably well for a whole year. * * * 
But Sea Water will heal many Diseases where Mercury 
is of no service—page 8-9. 

Drink a pint of Sea water next A.M., (for gonor- 
rhoea)—p. 61. 

[Dr. Speed] As the Use of Sea Water has grown in 
Fashion * * * I determined to try Experiments on the 
waters that washed the shores of that County [Hamp- 
shire]—p. 145. 

The Ancients were very cautious in giving it inter- 
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nally and Dioscorides (Med. Mater., lib. V, cap. 23) 
acknowledges sea water was given internally as a purge 
by itself. He recommended: Equal parts of Honey, Sea 
and Rain Water: also Wine made with sea water to 
purge the body, also to relieve those who spit purulent 
matter, and those that are costive. * * * In de Para- 
bilibus, he affirms that sea water drank with Oxymell 
will break internal abscesses.—p. 150. 

Half a pint of Sea Water drank at night going to 
Bed repeated in the Morning, is generally enough for 
Adults—p. 153. 

For the glands of King’s evil—operate and use Sea 
Water both internally and externally (as embrocations). 
[Many case reports given]—p. 156. 

From what has been said it will appear that this 
method of cure is no invention of the Moderns, but 
was known to the Father of Medicine while it was in 
its infancy—p. 171. 


It would appear, therefore, that the idea of using 
sea water or sea salts for medicinal and health pur- 
poses was a custom well established in former times, 
but one which a careful examination of medical and 
health literature of the present day shows has been 
quite discarded (in favor of “purified products”). 
Instead of the “old fashioned salt” derived by evapo- 
ration of sea water and retaining a trace or more 
of the thirty-odd elements said to be present in sea 
water, entirely new and also far cheaper source- 
methods of salt supply (from mines and brines of 
inland sources) is now the plan, and as a result we 
have a purified article, sodium chloride. Thus, as 
I have suggested in my previous articles, we have 
possibly created a condition of iodine and other 
elemental starvation purely by our commercial pro- 
cedures. Should we not pursue a “back to nature” 
plan in this matter, as is advocated in connection with 
some of our vitamin-free food articles? Necessarily 
more scientific investigation is still essential to sub- 
stantiate this, but observational evidence on all 
sides is strongly in support of it. 

Emery R. HaynHurst 

Oxn10 STATE UNIVERSITY 


THE CURE AND PREVENTION OF EAR 
CANKER IN RABBITS 


One of the many serious chronic diseases of rabbits 
that may interfere with the use of this animal in lab- 
oratory work is “ear canker.” This disease may 
seriously handicap or cripple research, especially ex- 
periments requiring months or years of observation 
on the same animals. 

Ear canker is caused by an animal parasite (Psoro- 
coptes cuniculi) which closely resembles the mite 
(Sarcoptes cuniculi) causing scabies. Curiously, it 
attacks only the concha of the ear. The earliest 
manifestations of infection are indicated by hyper- 
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emia and the formation of reddish brown crusts nea 
the bottom of the concha. The hyperemia and eng 
formation extend and after months may involve nearly 
all the inner surface of the ear. The most serioy; 
complication of the disease is pyogenic infection of 
the middle ear which may extend to the internal ¢; 
and meninges. The parasite spreads more rapidly 
during the warm months. The disease is widespread 
and few, if any, laboratories escape its occasiona| 
introduction. 

The usual methods prescribed for treatment involye 
isolation and are elaborate and costly. For many 
years we have been treating the infection in in. 
portant animals by the time-honored plan of re. 
moving the crusts and swabbing the concha with 
glycerine containing 2 per cent. carbolie acid. This 
method, as with many others of the same type, is 
tedious and time consuming. Last June (1923) when 
the laboratory was heavily stocked an extensive out- 
break occurred, both in the old and the young stock. 
In casting about for some quick means of attack, 
we decided to try kerosene on account of its powerful 
insecticidal action. This was sprayed into the ear 
with a small De Vilbiss atomizer. Each ear received 
the amount of kerosene spray discharged frora three 
or four compressions of the bulb or sufficient to 
moisten only the inner surface of the ear. The ears 
were sprayed twice, with an interval of six days. At 
the end of two weeks all the rabbits were cured of 
‘the infection and no ease has since developed in our 
rabbit colony, averaging about 200 animals. It is 
doubtful whether the second spraying was necessary. 

We have been prompted to call the attention of 
other laboratory workers to this well-known infection 
for the following reasons: (1) This experience was 
one of the most striking therapeutie effects in mam- 
mals we have ever witnessed; (2) Kerosene spray 
affords a specific, cheap, simple, rapid and certain 
means, both of curing and preventing the disease. 

Davip Marine 

MONTEFIORE HOSPITAL 

New York 


THE MEANING OF CONSERVATION 


In an article entitled “Two kinds of conservation,” 
published in The Scientific Monthly for March, 1924, 
Dr. E. E. Slosson makes a statement which, in my 
opinion, is likely to help to perpetuate an old mis- 
conception of the meaning of conservation as applied 
to natural resources—a misconception which Dr. Slos- 
son probably does not share. The likelihood is in- 


creased by the fact that the statement is strikingly 
clear and forceful—as is usual with what Dr. Slos- 
son says—and is almost but not quite correct. 

Dr. Slosson says, “The conservation of oil means 
not using it, for all the oil that is used is forever lost. 
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1c conservation of water power means using it, for 
the water power that is not used is forever lost.” 
The first eight words of the statement could be used 
anti-conservationists in opposing conservation ac- 
ities on the grounds that the latter require the pres- 
t generation to suffer for the benefit of future gen- 
wtions. Regardless of the moral status of such a 
wuirement, it is practically certain that no “present 
neration” would submit to it. 

For fifteen or twenty years, America’s most ef- 
tive conservationist, Mr. Gifford Pinchot, has 
nd it necessary to disabuse people’s minds of the 
sconception that conservation means disuse. As 
ently as May 17, 1924, in an article in the Satur- 
y Evening Post, Mr. Pinchot said: 
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Let no man persuade you that conservation and stagna- 
m are the same. From the beginning conservation has 
rant wise use in the public interest, and it means wise 
e to-day. This generation has a right to all it needs, 
t no right whatever to waste what it does not need. 


e, is 
when 
out- 


- pr children have their rights as well as we. If there 

srful ever a policy since this world began that was simple, 
nd and filled with common sense, it is the policy of 

‘ Cer BB servation. 

ved 

hree #Mr. Pinchot explains in the same article that the oil 

t t0 Mposits in the national reserves need not be exploited 

ears #jw. The reason obviously is that the oil in them is 













At #t now needed. But conservation should include 
1 of Mivately owned as well as publicly owned oil de- 
our /™®sits, just as it should include privately owned for- 
t is Hits. Private oil properties are sufficient for present 
ary. Meds and as Pinchot says, “This generation has a 
| of Bieht to all it needs, but no right whatever to waste 
tion Mat it does not need.” 
was Ms a definition of conservation, Dr. Slosson quotes 


am- fom Acheson: “Conservation consists in the utiliza- 
ray #0 of the inexhaustible for the preservation of the 
ain @iaustible.” This sounds attractive and it perhaps 
cribes a laudable ultimate ideal. But for eco- 
E mic, physical or other reasons, its practical appli- 
ion is impossible in meeting many of our greatest 
d most urgent needs, with the knowledge now avail- 
le. In my opinion a more workable though rougher 
inition which is readily inferred from the writings 


n,” $B Roosevelt, Pinchot and other great conservationists 
24, “Use without waste and, wherever possible, with 
my feplacement.” 

is- HB lhe great problem in the conservation of exhaust- 
ied Me resources is to find and to apply feasible methods 
0s- increasing the efficiency of utilization, which is 


in- out the same as saying to find and to apply feasible 
sly hods of reducing waste. 
DS- F. D. FARRELL 
, B“vsas Stare AGRICULTURAL COLLEGE, 
ns MANHATTAN, KANSAS 
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THE eight words of mine that Dean Farrell criti- 
cizes, “The conservation of oil means not using it,” 
are literally true, yet I did not intend them to be 
taken literally. To keep the oil in the earth would 
indeed conserve it—if nobody tapped the pool—but it 
might better have been used up than to remain for- 
ever unused. 

I am reminded of the poor woman whom a philan- 
thropic visitor found in the slums. She had five 
small children and one at the breast; her husband had 
broken his leg; she was out of food and fuel and was 
about to be evicted from the flat for non-payment of 
rent. Yet she boasted of having five hundred dol- 
lars in the savings bank and when the visitor asked 
why she did not draw out some of it she replied that 
she was “saving it for a rainy day.” 

‘I really did not anticipate that any reader of The 
Scientific Monthly would suspect me of advocating 
such an extreme form of conservation. And I hasten 
to add—lest I be called before the Senate Investi- 
gating Committee—that I was not talking about oil 
especially, but discussing the general principle of con- 
servation applicable to coal, certain metals and 
minerals, and any other natural resources that are 
limited and irreplaceable. 

Yet I may confess that I believe the day is coming 
—and I hope to live long enough to see it—when it 
will be wise to prohibit the burning of petroleum and 
natural gas because they will be found indispensable 
as material for the manufacture of organic com- 
pounds, possibly even food since edible fats have 
been made from petroleum. If that be treason, make 
the most of it... 

Epwrin E. Siosson 

ScIENCE SERVICE 

WASHINGTON 


MR. W. E. MYER’S ARCHEOLOGICAL 
COLLECTION 


THe late W. E. Myer, of Tennessee, served as 
volunteer assistant in the Bureau of Ethnology for 
several years. For about forty years he had made 
studies of the archeology of the Tennessee and Cum- 
berland river valleys. Dr. J. Walter Fewkes, head 
of the bureau, told me last May that the bureau 
had lost a most efficient and valuable worker. Myer 
was one of the few men in the United States who was 
familiar with prehistoric cultures throughout the main 
Mississippi valley. He has left an important work 
in manuscript form embodying detailed studies in 
Tennessee archeology. 

Up to the time of Mr. Myer’s connection with the 
bureau, he carried on extensive researches at his own 
expense. He very carefully recorded all specimens 
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found. He left his heirs some 15,000 or more stone, 
bone, shell, clay and copper artifacts of aboriginal 
workmanship. These include many interesting en- 
graved shells, decorated copper plates, effigy pipes, 
ete. It is doubtful whether Myer’s collection could 
be duplicated in the state of Tennessee, since most of 
the monuments and graves have been explored. 

The heirs wish to have Mr. Myer’s collection pre- 
served intact in some museum. It has been highly 
recommended by Dr. Neil M. Judd, of the Smith- 
sonian, Dr. Fewkes and others. Mr. Myer’s son, Mr. 
W. H. Myer, care of Frazer & Co., 30 Church Street, 
New York, N. Y., has the matter in charge and will 
be glad to correspond with any museum officials who 
are interested. 

Warren K. MoorEHEAD 

PHILLIPS ACADEMY, 

ANDOVER, MASSACHUSETTS 





SCIENTIFIC BOOKS 


Illustrated Flora of the Pacific States, Washington, 
Oregon and California. By LeRoy Asrams. Vol. 
1. Stanford University, California, Stanford Uni- 
versity Press, 1923. xii +557 pp. $9.00, prepaid. 


A DESCRIPTIVE flora is primarily for the purpose 
of enabling one to identify the plants of the region 
covered. But some go farther than this and aim to 
give also new information regarding the plants 
themselves. Professor Abrams’ flora is distinctly 
a work of this latter sort and is to be classed as a 
valuable contribution to knowledge of the morphol- 
ogy, relationships and geographic distribution of the 
species growing spontaneously in the three Pacific 
Coast states. The flora of this region has been so 
little studied, as compared with that of other parts 
of the United States, that »numerous readjustments 
in the classification are necessary if an author is to 
present anything more than a compilation of pre- 
viously recorded facts, and in the present instance 
his intimate field acquaintance with the flora and his 
access to types in eastern and European herbaria 
have enabled him to prepare what is essentially a 
critical revision of each of the genera treated. 

But this assembling of new material has not been 
permitted to interfere with the more immediately 
practical values of the book. The style and general 
make-up are frankly patterned after the well-known 
illustrated Flora of the Northern United States and 
Canada, by Britton and Brown. Consequently, each 
species is illustrated by a text figure as well as keyed 
and described and the distribution and principal 
synonyms are clearly given. It is confidently pre- 


dicted that, as in the case of its prototype, the figures 
will greatly add to the popularity of the work and 
that many users who would otherwise prefer a more 
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conservative treatment of genera and species yj] 
led to adopt the accompanying names. 

In the matter of generic and specific concepts, 4 
author has not gone to the extreme in either gj, 
tion, although there is a decided tendency toy, 
the aeceptance of generic segregates and “g, 
species.” The nomenclature follows the rule; ,, 
under consideration by the American Botanica] 
ciety and recommended by its nomenclature comp: 
tee (of which Professor Abrams is a member), Tip 
is here a splendid opportunity for comparing { 
results with those obtained when the Internatiy, 
Code and a more conservative treatment of gery 
and species are followed, for Professor W. L. }, 
son, who in the main follows the latter code ; 
who is moderately conservative, has recently coy 
most of the same area and the same families jy } 
“Flora of California.” Since much of this fy 
volume of the Abrams flora has been contributed | 
collaborators, some of whom also contributed to { 
Jepson flora, it is necessary to select for compariy 
some portion of each book prepared by the auth 
himself. Consequently the Liliales and Orchii: 
have been chosen as furnishing a fair compariy 
and all non-Californian forms have been exclud 
since these are not covered by Professor Jepso 
work. In the two orders named, Abrams give 
families, 57 genera and 255 species, whereas Jep 
has 5 families, 45 genera and 225 species. Furthe 
more, there are 55 additional cases where the pl 
names differ, although the authors are in agreema 
as to specific limits. The final result is that if 
were to use Abrams’s flora and then turn to Jepsutl 
he would find that of the 255 plant names accepi 
in these orders by the former, only 170, or about! 
per cent., are given full recognition by the latte 
The remaining 85 names, or 33 per cent., would m 
to be sought among the synonyms and a consideril 
number could not be found even there. 

In attempting to discover the reasons for tle 
differences, it develops that 29 per cent. of the ca 
of non-agreement are traceable to differences in 
rules of nomenclature followed. by the respec! 
authors, while 71 per cent. are due to differences’ 
opinion as to what constitutes genera and spett 
It seems, therefore, that an agreement among taxol 
mists as to rules of nomenclature, although mi 
to be desired, is perhaps only secondary in imp? 
ance as compared with the need of an agreemel! ! 
generic and specific limits. 

On analyzing the situation farther, it is fou 
that, at least as between these two authorities, ! 
shifting of generic lines is responsible for as w# 
name changes as is the difference in species con¢¢ 
What an enormous amount of confusion would! 
avoided if all systematists were to apply the prin¢! 
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No. WM, yous 15, 1924] 
f leaving established genera intact, except in those 
‘nstances where they are composed of unnatural as- 
-mblages of species. Such procedure has been 
specially advocated by Dr. Robinson.» What a 
saving of energy this would mean—energy that could 
nen be applied. to the fundamental problems of 
plant classification! It may here be noted that this 
shuttling back and forth of botanical names is not 
science and that time spent upon it might well be 
given to the real problem of the taxonomist, namely, 
the determination of relationships, or, in other words, 
the construction of a natural classification based 
upon phylogeny and supported by evidence from 
every possible source, including experiment, statis- 
ties and the paleontologice record. 
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In putting out a flora of this sort, the author often 


‘S11 WM encounters forms which are not of sufficient value 


his fio be ranked as species but which are, nevertheless, 
uted HE too important to be entirely ignored or to be rele- 


I to gated to synonymy. Professor Abrams has wisely 
‘Pars adopted the expedient of assembling some of these 
SUG inder those species of which they are evolutionary 


chide derivatives and of printing the name and the brief 
Parsi description in small type. By this method the user 
<clulel of the book is permitted a choice between the segre- 
eps gate name and the one given for the inclusive species. 
/ © It is quite probable that for some purposes the one 


will be the more useful, while in other connections 
the alternate name will be chosen. In the reviewer’s 
opinion, the book would find a far wider field of 
usefulness if the accepted species were made much 
more inclusive and more advantage taken of the sub- 
ordinate category. By this means the number of 
full species would be considerably reduced, an out- 
come much desired by the non-specialist, and the 
segregate names would still be available for those 
who might find use for them. If, in addition, the 
more important of these latter were to be treated as 
subspecies or varieties their relationships to the 
parent stock would be immediately evident in the 
trinomial used for their designation. Under this pro- 
cedure only the limits of the collective species would 
need to be agreed upon while the minor categories 
could be modified to meet special needs without dis- 
turbing the binomial. It is evident that some such 
plastie arrangement must be worked out if botanical 
nomenclature is to attain its fullest value. 
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The first volume of this important flora, which is 
to be completed through the issuance of two more, 
tae begins with the Ophioglossaceae and ends with the 
Aristolochiaceae. It thus includes all the ferns 
and fern allies, the gymnosperms, the monocotyle- 


ant ¢ 


3, | 


may 

dl dons and most of the apetalous families of the dicoty- 
i Robinson, B. L., 1906, Scrence, N.S., Vol. 23, pp. 
nel} 81-92, 
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ledons. Portions of the text were supplied by spe- 
cialists, as follows: Pteridophyta (except Isoetaceae) 
by William R. Maxson, Isoetaceae by Dr. Norma 
Pfeiffer, Poaceae by Professor A. S. Hitchcock, 
Cyperaceae (except Carex) by Dr. N. L. Britton, 
Carex by Mr. K. K. Mackenzie, and Saliz by Dr. C. 
R. Ball. Dr. F. V. Coville assisted in preparing the 
text of the Juncaceae. In matters of typography, 
illustration, index, ete., the book is all that can be 
asked for. It is hoped that the succeeding volumes 
will appear as rapidly as the painstaking methods 
of the author will permit. 
Harvey M. Hawi 





LABORATORY APPARATUS AND 
METHODS 


A MODIFICATION OF RECONSTRUCTION 
METHODS 


AFTER reconstructing several chondrocrania models 
of beeswax, which proved to be a laborious task, the 
writer has succeeded in perfecting a method that 
eliminates the unpleasant but necessary details of 
making the plates which are required in the older 
methods where wax is used, and at the same time 
shortened the process of construction without sacri- 
ficing accuracy. 

This method differs from that described by Sussana 
P. Gage (07), in the Anatomical Record, Vol. I, page 
166;,in that strawboard is used instead of blotting 
paper, and beeswax in the place of pins and nails, 
as the principal substance for fastening the sections 
together. Wire is necessary as an additional sup- 
port only in the larger models where special stress 
occurs. 

Strawboard is considered preferable to blotting 
paper where the sections are cut fifteen micra or 
more, as it may be obtained in practically any 
desired thickness at almost any print shop, thus 
avoiding the necessity of two or more thicknesses to 
represent each section, as may occur where blotting 
paper is used. Strawboard is more firm than blot- 
ting paper and is considered by the writer to be 
less easily distorted. Standard grade number 40, 
which is approximately two millimeters in thickness, 
has been used with satisfactory results in the con- 
struction of several models, which vary from four 
to seventeen inches in length. Camera lucida out- 
line drawings of the parts to be modeled are made on 
the strawboard and a sewing machine is employed to 
make a perforated pattern of the drawn parts with 
the needle of the machine piercing the holes close 
enough together that separation along the lines may 
be practically complete. The pieces cut out, however, 
usually retain their position, until intentionally re- 
moved. Before each piece is placed in the model, 
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the part on which it is to rest is given a thin uniform 
coating of melted beeswax, then the new part is added, 
pressed down and held in position for a short time 
until the wax hardens. After the model is thus built 
up the exposed surfaces are covered with a thin 
coating of wax, which on hardening smooths the sur- 
face and tends to prevent injury from excess 
moisture. 

One objection to reconstructions made entirely of 
wax is that they are very apt to become distorted 
when. exposed to the variable temperature of an ordi- 
nary room. Models constructed as described above 
are not so easily affected, since the beeswax between 
the strawboard sections is protected. Such models 
are also lighter, easier to handle, and not so liable 
to injury when packed and shipped as are the wax 
ones. In this respect they differ little from those 
made of blotting paper. The greatest advantage 
over both the wax and blotting paper methods is 
the rapidity with which a reconstruction can be made, 
without the sacrifice of accuracy. The fact that the 
blanks are easily preserved makes possible their use 
at a later time in checking over the details of the 
model, which often is of great assistance. 

B. M. Harrison 

LABORATORIES OF ANIMAL BIOLOGY, 

UNIVERSITY OF IOWA 


INEXPENSIVE LANTERN SLIDES FOR TEXT 
OR TABULAR DATA 


Ir is often desirable to project text, mathematical 
formula or tabular data upon a screen for purposes 
of class instruction or during the presentation of a 
paper at a scientific meeting. Use of a lantern saves 
the time of the instructor which would be necessary 
to inseribe the data on a blackboard and also makes 
for greater accuracy and legibility. The obvious 
drawback to the use of the lantern lies in the cost 
of photographed lantern slides. 

I have found that very satisfactory slides may be 
prepared by making use of the ordinary “Derma- 
type” stencil sheets such as are used for mimeograph 
work. The data are cut on this stencil by the bare 
type of a typewriter so as to occupy an area on the 
stencil measuring approximately 7x8.5 cm. By 
the use of elite type, rather extensive tables can be 
printed within this space. A portion of the sheet, 
with the data in the center, measuring 8.5x10 em, 
is then eut from the stencil by a sharp knife or a 
safety razor blade and mounted between two thin 
sheets of glass of the same dimension. Black paper 
tape is later used to bind the edges of the glass. 

Such a lantern slide projects light figures or let- 
ters on a light blue background, the data being 
plainly visible even in a fairly well-lighted room. 
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Such lantern slides are permanent and cay | 
prepared at a cost for materials of approximate, 
five cents each. 

Ross AIKEN Gorryz 

DIVISION OF AGRICULTURAL BIOCHEMISTRY, 

UNIVERSITY OF MINNESOTA 





SPECIAL ARTICLES 
SPECIFICITY IN FERTILIZATION 


Tue results of experiments that I completed whi 
working as a research associate of the Carnegie |). 
stitution of Washington, at-the Misaki Marine Bip. 
logical Station of Tokyo Imperial University, add 
our knowledge of the factors controlling specificity iy 
fertilization. 

The methods devised made it possible to elimina 
cortical block to activation in every cross-activatioy 
attempted, and to obtain better than 90 per cent, 
early development in all cross-activated material: 
This percentage of cross-activation is unusually high, 
but the especial significance of the results lies in the 
fact that of thirteen cross-activations made, eight 
were from four pairs of reciprocal crosses. It is wel 
known that the facility with which a cross-activation 
is made in one direction is no indication of the degre 
of suecess which may be anticipated with the recip. 
rocal cross. 

All the work was done with echinoids. The prelin- 
inary studies of species fertilization revealed the fact 
that the eggs of Heliocidaris tuberculata did not form 
a separated fertilization membrane, and that the eggs 
of Temnopleurus toreumaticus, shortly after inseni- 
nation, contracted strongly within the fertilization 
membrane, not to resume their normal rounded form 
until just prior to the first division. 

We think of developmental reactions in terms of 
eggs. Ordinarily, we endeavor to give the egg such 
treatment that it will follow its own normal cours 
of development. These experiments followed a dil: 
ferent plan. I decided to inseminate the Heliocidaris 
egg with Temnopleurus sperm and then attempt 
make this egg show the reactions that are normally 
shown by the Temnopleurus egg following species a 
tivation, namely, to form a separated fertilization 
membrane and to contract strongly a few minute 
after activation. 

To state the matter in another way: After somé 
comparative study I took as a working hypothesis the 
idea that sperms differ in degree, at least, in theif 
effect on the egg. The effect produced by a sperm’ 
tozoén on the egg of its own species may be called, 
for convenience, its natural effect. The work dont 
by a spermatozoén in producing the natural effect 
an indication of the natural potency of the sperm* 
tozoon. 
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Proceeding on the idea of using sperms as units of 
n activating substance, the plan of supplementing 
he natural potency of a spermatozoén by increasing 
yr by diminishing its task was tried. A spermatozoén 
vas regarded as having a definite amount of energy, 
1 amount which might be sufficient, or too much, or 
not enough to produce the effect desired, and which, 
herefore, may be used as it is, or its task made more 
jificult or easier, as the occasion demands. In other 
vords, it was decided to grade the spermatozoa to 
fifferent degrees of activation by indirect means. 
Vhat really was done was to grade eggs to the nat- 
ral potency of the spermatozoon. 

Seven cross-activations of the egg of Heliocidaris 
tuberculata were made. In no two of these was the 
necessary treatment of the egg the same. Heliocidaris 
eggs accept species activation readily in unmodified 
sea water; they must be treated with solutions that 
are regarded as increasing their permeability before 
they can be activated by, e.g., Temnopleurus sperms; 
while they must be treated with solutions that are re- 
garded as decreasing their permeability, before they 
ean be activated by, e.g., Astriclypeus sperms. 
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b wel Heliocidaris and Temnopleurus are both regular 
wi: echinoids. They belong to different families of the 
©ett ME ame sub-order. A cross between them is therefore 
OR of inter-family width. Astriclypeus manni is a Cly- 

_ BB peastroid. A cross between Astriclypeus and Helio- 
He cidaris is therefore inter-ordinal. 
HeuiocipaRis 9 X TEMNOPLEURUS ¢ 

eggs For this eross-activation the following method was 
emi- MM used ; . 
tion HF §6(1) Eggs inseminated in 100 ce sea water +2 ce 
orm 21, M NaCl, and transferred to 

(2) 100 ec sea water +6 cc 244 M NaCl. The 

| Of MM eggs separated membranes in this solution. Trans- 
such MB ferred to 
arse (3) 82 ec sea water +18 cc 244 M NaCl. This 


dit solution produced a strong contraction of all eggs 
48 @® which had formed membranes. Transferred to 


bo (4) Sea water. 90 per cent. of these eggs under- 
uly 


| went regular cleavage. 
- Step (2) was necessary for the removal of internal 
10" M block to the fusion of the germ nuclei. 
tes 
HELIOcIpARIS @ X ASTRICLYPEUS ¢ 
a“ For this activation the eggs were washed in sea 


water and placed in 
4 (1) 54 M CaCl, for 3 minutes; then transferred to 
xf (2) 800 ee sea water + 5 ec n/10 NaOH + As- 
triclypeus sperms; after 3 minutes transferred to 
(3) Sea water. 
All the eggs formed perfect membranes and seg- 
" B® mented regularly. 54 M BaCl, and 5% M SrCl, were 
used in place of CaCl, and gave the same results. 
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Segmentation did not take place unless the eggs were 
transferred to a considerable volume of sea water, as 
indicated, following the treatment with CaCl,, BaCl, 
or Sr(Cl,,. 

The control in both cases consisted of eggs receiving 
the respective treatments described above, but with 
insemination omitted. Without insemination, no 
membranes were separated and cleavage did not take 
place. The methods were not interchangeable. Helio- 
cidaris eggs were not activable by Temnopleurus 
sperms following the treatment with CaCl,, nor were 
they activable by Astriclypeus sperms following any 
treatment with NaOH or NaCl, or any combination 
of these that was tried. On the other hand, Helioci- 
daris eggs which have simply stood in sea water for 
four hours will, when inseminated with Astriclypeus 
sperms, give as high as 95 per cent. regular segmen- 
tation. 

These two examples represent the two types of 
treatment which were found to be necessary in order 
to obtain cross-activation of the eggs of Heliocidaris 
by the various sperms used. In five of the seven 
ceross-activations of this egg which were made, a pre- 
liminary treatment of the egg with NaOH or NaCl or 
a combination of NaOH and NaCl, a treatment which 
may be looked upon as increasing the permeability of 
the egg, was necessary. In the two remaining cross- 
activations it was necessary to give the egg treatment 
with solutions of the divalent salts of the alkaline 
earths, which are regarded as decreasing the perme- 
ability of the egg. 

Having determined that the sperms used in these 
activations.may be divided into two groups on the 
egg, it is of interest to find whether this grouping on 
a physico-chemical basis can be related to any other 
determinable differences. The only other evident dif- 
ference is the difference in size of eggs of the different 
species used. Astriclypeus and Peronella sperms, the 
two which form the smaller group, are from species 
having large eggs. Peronella eggs are from .3~.4 mm 
in diameter. The other group contains sperms from 
species having eggs that are comparable in size to 
those of Arbacia, Strongylocentrotus purpuratus, Ly- 
techinus variegatus, ete. The idea of natural potency 
and the relative mass, or the relative surface of the 
egg to be activated therefore suggests itself. Any 
discussion of this idea, at this time, would be little 
more than speculation. There is simply the evidence 
that Astriclypeus and Peronella sperms produce too 
great an increase of permeability when used with 
small eggs, for activation to be successful. 

Six cross-activations of eggs were made with the 
sperms of Heliocidaris. In every instance the only 
treatment found to be necessary was insemination in 
sea water to which NaOH or NaOH and NaCl had 
been added. If this treatment increased the perme- 
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ability of the eggs, there were differences of degree of 
increase necessary. Heliocidaris sperms seem to be 
low in ability to increase permeability. The fact that 
Heliocidaris eggs, when species fertilized, form no 
separated membranes, together with the fact that 
when Heliocidaris sperms are used as cross-activators 
the eggs must be graded to the natural potency of the 
sperms by being given increased permeability, sup- 
port such a conclusion. 

The most striking features of the results, when they 
are viewed as a whole, is their emphasis of the fact 
of the specificity of the spermatozoén in the activation 
of the egg of its own species. The idea of the speci- 
ficity of the spermatozo6n in fertilization is one whose 
truth has been assumed, rather than established. My 
working hypothesis, that sperms differ in degree, at 
least, in their effect on the egg, has been established 
as a fact by the evidence of the experiments. The 
sperms of each species were found to have a charac- 
teristic natural effect. The eggs of different species 
had to be graded to the natural potency of the sperms. 

Somewhat subsidiary to the larger aspect, but 
closely related to it, is the suggestion as to the nature 
of sensitization of the egg to activation. Loeb, Rob- 
ertson, A. R. Moore and others have used BaCl,, 
CaCl, and SrCl, to sentitize sea urchin eggs to acti- 
vation by blood serum, odcytin, foreign sperms, ete. 
Is sensitization more than a process of grading per- 
meability ? 

At first sight there seems to be lack of harmony 
between my conclusions and those of Professor Loeb, 
stated in “The Organism as a Whole,” “that the speci- 
ficity which allows the sperm to enter an egg is a sur- 
face effect which can be increased or diminished by an 
inerease or diminution in the concentration of OH as 
well as of Ca” (p. 77), and “that if the concentration 
of ealcium was increased it was not necessary to add 
as much NaOH” (p. 74). If we refer to Loeb’s fuller 
consideration of this subject, Archiv f. Entw-Mech., 
Vol. 40, 1914, p. 318, the matter assumes a different 
aspect. Loeb found that the addition of calcium led 
to an inerease in the number of eggs which formed 
membranes, but to a decrease in the number which 
developed. Insemination following straight NaOH 
treatment gave 90 per cent. membranes and 60 per 
cent. development. Insemination following CaCl, + 
NaOH treatment gave 100 per cent. membranes and 8 
per cent. development. If the eggs were given a pre- 
liminary treatment with HCl for the purpose of re- 
moving the chorion-like jelly layer of the egg, and 
then inseminated in sea water + CaCl, + NaOH, 
about 80 per cent. membrane formation and develop- 
ment followed (loc. cit., pp. 319-20). The use of 


HCl introduced a new factor, a factor which is not 
negligible, which was not considered in its relation to 
other reactions. 
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But it is on the basis of comparison of Loeb’s o}, 
servations on the results following insemination afte, 
straight NaOH and straight CaCl, + NaOH trea. 
ment, with my own, that the explanation of the dis. 
ferences seems possible. It seems to be a question as 
to whether the membrane has been formed as a regy|t 
of activation by a spermatozoén or for another reg. 
son. Loeb found that the addition of CaCl, led to 
an increase in the number of eggs which formed men. 
branes, but that few of the eggs developed. In my 
observations Astriclypeus eggs, without msemination, 
formed membranes upon treatment with CaCl, ; while 
Heliocidaris eggs, treated with CaCl,, formed mem. 
branes only after the eggs were inseminated. In one 
case the membrane was formed by the action of the 
CaCl, solution alone, in the other it was the result of 
activation by a spermatozoén. It is possible that 
Loeb was dealing with similar material. 

This raises the question as to whether development, 
in the material with which I have been working, was 
parthenogenetic or was the result of fertilization. The 
controls showed that development occurred only when 
the eggs had been inseminated. It is safe to say that 
activation was effected by sperms. I was able to re- 
move internal block, whe it occurred, by secondary 
treatment with NaCl, In the eggs of some species, it 
was possible to see the fusion of egg and sperm nv- 
clei; in other eggs such an observation, was impos- 
sible. The eggs were activated by sperms, but 
whether true fertilization or false fertilization and a 
subsequent elimination of paternal chromatin oc- 
curred is a question that can be answered only by 
cytological examination of fixed material.* 


There is constantly increasing evidence supporting 
the belief that NaCl increases the permeability of pro- 
toplasm, while divalent salts, such as BaCl,, CaCl, or 
SrCl,, decrease its permeability. It is therefore logi- 
cal to conclude that with one group of sperms activa- 
tion occurred when the permeability of the egg was 
increased, and with the other when its permeability 
was decreased. 

Permeability to what? Let it be clear that I mean 
permeability to water, ions and salts, and not pene- 
trability to sperms. Given the intimate contact that 
is afforded by agglutination, penetrability is under- 
standable. R. S. Lillie, McClendon and others have 
shown that fertilization is accompanied by an in- 
creased permeability of the egg. The present results 
indicate that one of the factors conditioning the fer- 
tilization reaction is a specific degree of permeability. 

D. H. TENNENT 

BryN Mawr COLLEGE 


1The material which the author collected for an i” 
vestigation of this kind was destroyed in Yokohama 02 
September 1, in the fire following the earthquake. 
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